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We sincerely wish the happy and healthy days to all my colleagues and their families. We 
are happy to accomplish the third issue of 2017. 

There are 5 clinical research articles in this issue. The first article is analysis of the spinal 
canal diameters.  In the second article, in the patients with transitional vertebral deformity, 
iliolumbar ligaments are analyzed. In the third study, the result of the anterior discectomies 
in the 338 patients are presented. In the fourth study is from Adana which was analyzed 
F18-FDG PET-CT in diagnosing, treating and monitoring of spinal infections  Fifth 
study is about clinical outcome of the ultrasound guided epidural injection.

In this issue, 2 case report and a case series are presented. In the case series is about spinal 
surgery complicated with some congenital and childhood neural diseases 

Percutaneous sacroplasty for the treatment of sacral pedicle screw loosening in an osteoporotic patient was reported. Second 
one is about the OPL calcification. 

In this issue, a review article were included. In this review article, congenital chest wall deformities associated spinal deformities 
were presented.

In this issue, in the “Frontiers of the Spinal Surgery” section, the sections about spinal fractures in the book of Razi are 
reported. 

We wish healthy, successful and peaceful days to Turkish Spinal Surgery family and we present our deepest respects.

Prof. Dr. İ. Teoman BENLİ

JTSS Editor 
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INTRODUCTION
We aimed to the lumbar spinal canal 
lengths and area measurements were 
measured in normal healthy individuals 
between 20 and 50 years of age in the 
Turkish population by MRI. MRI is 
the most diagnostic method for spinal 
pathologies. Degenerative changes 
in facet joints can be in the form of 
facet hypertrophy, osteophytes spur 
development, cartilage narrowing, joint 
effusion, and capsular hypertrophy, all of 
which can be assessed in detail by MRI 
(4). Axial and sagittal MRIs  typically 
show narrowed spinal canals.

In lumbar spinal stenosis, T1-weighted 
images are useful for evaluating the width 

and contours of the foramen and conus 
medullaris. T2-weighted images provide 
an accurate assessment of spinal canal 
diameters. The decrease in epidural fat 
tissue due to the hypertrophic bone, T1 
and T2 weighted image with low density, 
hypertrophic ligament flavum, T1 and 
T2 weighted images and moderate 
thickening and prolonged compression 
appear as a dark color from high to low 
on the T1 signal. The fat signal around 
the nerve root (seen best in T1-weighted 
images) appears to be reduced in axial and 
sagittal images (1,2). MR examination has 
several advantages over CT. The patient 
does not receive ionizing radiation and 
the procedure is non-invasive. Also, the 
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SUMMARY

Objective: We aimed to the lumbar spinal canal lengths and area measurements were 
measured in normal healthy individuals between 20 and 50 years of age in the Turkish 
population by Magnetic Resonance Imaging (MRI).

Material and Methods: Three measurements were analyzed in axial MRI of 50 (30 male, 
20 female)  healthy individuals in 20-50 age groups  (mean age:33,69±12). In T2-weighted 
fast spin-echo (FSE) axial MR images, measurements were obtained at L3-4, L4-5, L5-S1 
levels. Measured lumbar spinal canal anterior-posterior diameter (DSAPD) mm and spinal 
canal transverse diameter (DSTD), mm and spinal canal cross-sectional area (DSCSA), mm2 
measurements in healthy individuals by axial MRI (figure1,2,3). SIGNA Explorer GE 1,5 T MR 
device used. The patients were placed in the supine position with a cushion under both 
knees. T2-weighted FSE axial and sagittal images were obtained (TR/TE, 3213.48/100.00 ms 
for axial scan and 3207.27/100.00 ms for sagittal scan; slice thickness, 4 mm; slice gap, 0.4 
mm; field of view, 16 cm for axial scan and 32 cm for sagittal scan; matrix, 256 × 216 of 
axial scan and 512 × 252 for sagittal scan; flip angle, 90°; ETL, 18; and excitations, 3). On T2-
weighted FSE axial images, spinal canal diameter and area measurements were performed. 

Results: Lumbar spinal canal measurements; Lumbar DSAPD L3-4 (24,46± 2,12) mm, L4-5 
(22,86± 2,07) mm, L5-S1 (20,36± 2,13) mm, DSTD  L3-4 (27,16± 2,10) mm,  L4-5 (27,06± 2,03) 
mm, L5-S1 (26,46± 2,47) mm, lumbar DSCSA L3-4 (27,20± 2,14) mm2, L4-5 (25,46± 2,07) 
mm2, L5-S1 (23,46± 2,27) mm2 were measured in healthy individuals.

Conclusion: In evaluating lumbar spinal stenosis, it is necessary to know the lumbar spinal 
canal measurements in normal individuals. MRI is an important examination in evaluating 
lumbar spinal canal measurements.

Keywords: Lumbar Spinal Canal, Lumbar Spinal canal, Magnetic Resonance Imaging.  

Level of evidence: Retrospective Clinical Study, Level III
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patient does not need to be in the hospital. As with myelography, 
all lumbar vertebrae can be visualized. Soft tissue evaluation 
of conus, cauda equina, and nerve roots is better than CT. 
Ligamentum flavum, disc herniation and intraspinal synovial 
cysts are more common in imaging than other methods. MR 
is superior to CT and myelography in predicting the loss of 
epidural fat tissue (3-5).

MRI examination also has some disadvantages. In the case of 
lumbar spinal stenosis, cortical bone and osteophytes are less 
visible. MRI examinations can not be performed on those who 
have non-titanium metal devices in the spine, eyes and cranium, 
pacemakers and claustrophobia.  MRI is also a more expensive 
test than CT (5-12,14). 

To assess spinal stenosis, spinal canal diameters need to be 
known in normal healthy individuals. Therefore, we have 
measured these lumbar spinal canal measurements in a limited 
number of healthy individuals. 

MATERIALS AND METHODS
Three measurements were analyzed in axial MRI of 50 (30 
male, 20 female)  healthy individuals in 20-50 age groups  
(mean age:33,69±12). In T2-weighted fast spin-echo (FSE) 
axial MR images, measurements were obtained at L3-4, L4-5, 
L5-S1 levels. Measured lumbar spinal canal anterior-posterior 
diameter (DSAPD) mm and spinal canal transverse diameter 
(DSTD), mm and spinal canal cross-sectional area (DSCSA), 
mm2 measurements in healthy individuals by axial MRI 
(figure1,2,3). SIGNA Explorer GE 1,5 T MR device used. 
The patients were placed in the supine position with a cushion 
under both knees. T2-weighted FSE axial and sagittal images 
were obtained (TR/TE, 3213.48/100.00 ms for axial scan and 
3207.27/100.00 ms for sagittal scan; slice thickness, 4 mm; slice 
gap, 0.4 mm; field of view, 16 cm for axial scan and 32 cm for 
sagittal scan; matrix, 256 × 216 of axial scan and 512 × 252 for 
sagittal scan; flip angle, 90°; ETL, 18; and excitations, 3). On 
T2-weighted FSE axial images, spinal canal diameter and area 
measurements were performed. 

Image Analysis

Three radiologists (readers 1,2,3) participated in all three-
step evaluations in this study. Before the review of the lumbar 
MRIs in the pre-step evaluation, three radiologists discussed 
the measurements of the lumbar spinal canal and established a 
consensus measurements that they would use on T2-weighted 
axial images. All evaluations were completed, one radiologist 
(reader 1) repeated the last second-step evaluation to allow 
calculation of intra-reader agreement and also to measure. 
DSCSA, DSAPD, and DSTD on T2-weighted axial images 
and on T2-weighted mid-sagittal images at each disc level of 
the lumbar spine working manually at a Workstation.

Ethics Committee approved and written consent form was 
taken from all the volunteers. Those with spondylodiscitis, who 
underwent disc surgery, and those with inflammatory diseases 
such as ankylosing spondylitis were excluded from the study. 

Statistical Package for Social Sciences (SPSS) v23.0 (IBM co. 
Chicago IL) was used for statistical analyses. ANOVA test 
was used. 

Figure-1. Lumbar spinal canal anterior-posterior 
diameter measurements.

Figure-2. Lumbar spinal canal transverse diameter 
measurements.
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Figure-3. Lumbar spinal canal cross-sectional area 
measurements.

RESULTS
Lumbar spinal canal measurements; Lumbar DSAPD L3-4 
(24,46± 2,12) mm, L4-5 (22,86± 2,07) mm, L5-S1 (20,36± 
2,13) mm, DSTD  L3-4 (27,16± 2,10) mm,  L4-5 (27,06± 
2,03) mm, L5-S1 (26,46± 2,47) mm, lumbar DSCSA L3-4 
(27,20± 2,14) mm2, L4-5 (25,46± 2,07) mm2, L5-S1 (23,46± 
2,27) mm2 were measured in healthy individuals  (Table-1,2).

Table-1. Lumbar spinal canal anterior-posterior diameter 
and transverse diameter measurements.

Lumbar Levels Spinal canal 
antero-posterior 
Diameter Mean± 

SD

Spinal canal 
transverse 

Diameter Mean± 
SD

L3-4 24,46± 2,12 27,16± 2,10
L4-5 22,86± 2,07 27,06± 2,03

L5-S1 20,36± 2,13 26,46± 2,47

Table-2. Lumbar spinal canal cross-sectional area 
measurements.

Lumbar Levels Spinal canal  cross-
sectional

Area Mean± SD
L3-4 27,20± 2,14
L4-5 25,46± 2,07

L5-S1 23,46± 2,27

DISCUSSION
It is usually due to degenerative changes of the vertebral column 
in the elderly, resulting in lumbar spinal stenosis. Nowadays, 
the increase in the average age of the population increases the 
importance of degenerative lumbar spinal stenosis. Patients with 
neurogenic claudication or sciatica complaints are restricted in 
their functional activities and become dependent on the bed.  
Lumbar spinal stenosis typically occurs as a result of complex 
degenerative processes that produce pressure in neural elements. 
Spinal stenosis, central cord stenosis, lateral recess stenosis, 
degenerative spondylolisthesis or confusion due to all three. In 
addition to these findings, disc herniation may be accompanied 
by pathology. Degenerative stenosis and lumbar spondylosis are 
thought to occur due to recurrent axial loading and rotational 
constraints, facet hypertrophy, ligamentum flavum thickening, 
and osteophyte formation. Other causes of spinal stenosis 
include postoperative, post-traumatic, neoplastic, infectious, 
bone disease-related (as in Paget’s disease), congenital stenosis 
(achondroplastic form). 

On the basis of the results of previous studies, a >15 mm2 
change in the DCSA induced by axial loading was defined as 
a significant change,(15-17)  worsening the severity of the clinical 
symptoms(9).  If the anterior posterior diameter of the lumbar 
canal is less than 10 mm, it is considered as an absolute stenosis. 
If this diameter is less than 13 mm, it is regarded as relative 
stenosis (3,13).   

The results we have found in our study are consistent with 
previous literature studies. Until now, there is no study of normal 
spinal canal measurements in the Turkish population. 

Among the limitations of this study, it is not possible to 
standardize on the gender, age, weight, and height of the 
individuals taken into the study. This study is limited to only 
50 people and it is a preliminary study. In future studies, the 
number of working groups should be increased. In order to 
standardize lumbar spinal canal measurements in Turkish 
society, there is a need for further studies.

In evaluating lumbar spinal stenosis, it is necessary to know 
the lumbar spinal canal measurements in normal individuals. 
MRI is an important examination in evaluating lumbar spinal 
canal measurements.
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INTRODUCTION
If the last lumbar vertebra shows 
elongation of its transverse process, 
with varying degrees of fusion to the 
first sacral segment, it is defined as 
lumbosacral transitional vertebrae 
(LSTV) (10). Bertolotti first described the 
assimilation of the fifth lumbar vertebra 
into the sacrum and its association with 
lower back pain in 1917 (1). LSTV are 
common in the general population, 
with a reported prevalence of 4–21 % 
(7). Lumbar spine magnetic resonance 
imaging (MRI) can sensitively identify 
LSTV on based on abnormal morphology 
of the lumbosacral junction but there is 
no standard method is established for 
their numbering (6).

During the preparation of lumbosacral 
spinal surgeries, LSTV must be 
recognized. Otherwise the level of 
surgery, incision and trajectory could 
be incorrect. Many literature reported 

that the origin of the iliolumbar 
ligament (ILL) has been suggested as 
a reliable identifier of the L5 vertebra 
as it originates from L5 in 97-100 % of 
patients without segmentation anomalies 
(2,4,7,11).

We made an observational analyze of 
ILL on LSTV to understand if there 
is a relationship with the numbering of 
lumbosacral vertebras with LSTV or not.

MATERIALS AND METHODS

We inspected 350 lumbar MRI. Any 
pathologies or traumatic injuries with 
lumbosacral segment were excluded 
from the study. We found 58 patient with 
LSTV and 210 patient as control group 
without any pathology or segmental 
anomalies. LSTV patients were classified 
according to the Castellvi classification 
(3) (Table-1).
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SUMMARY

Objective: Our aim is to understand if there is a relationship about the numbering of LSTV 
with iliolumbar ligament or not.

Materials and Method: We inspected 350 lumbar MRI. Any pathologies or traumatic injuries 
with lumbosacral segment were excluded from the study. We found 58 patient with LSTV 
and 210 patient as control group without any pathology or segmental anomalies. LSTV 
patients were classified according to the Castellvi classification.

Results: The ILL originated in 100 % from the L5 vertebra in the control group. The ratio in 
the Castellvi type I group was 85.7 %. In the type II and higher group, the ILL originated only 
from L5 is 29.5 %.

Conclusion: We observed that ILL was always present and its origin always involved the last 
lumbar vertebra but the level of the origin of the ILL is unreliable for identification of the L5 
vertebra in the setting of a LSTV type II or higher.

Key words: Lumbosacral transitional vertebra, Iliolumbar ligament, Lumbalization, 
Sacralization

Level of Evidence: Retrospective clinical study, Level III
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RESULTS
The ILL originated in 100 % from the L5 vertebra in the 
control group. The ratio in the Castellvi type I group was 85,7 
%. In the other group, the ILL originated only from L5 is 29,5 
%. The other results are listed on Table-2.

Finally we observed that ILL was always present and its origin 
always involved the last lumbar vertebra but the level of the 
origin of the ILL is unreliable for identification of the L5 
vertebra in the setting of a LSTV type II or higher.

Table-1. Castellvi classification of LSTV

TYPE DESCRIPTION
Type I Dysplastic transverse process (unilateral: Ia; bilateral: Ib)
Type II Incomplete lumbarization /sacralization showing enlarged transverse processes with unilateral (IIa) or bilateral 

(IIb) pseudarthrosis with the adjacent sacral ala.
Type III Complete lumbarization/sacralization showing enlarged transverse processes,

with unilateral (IIIa) or bilateral (IIIb) fusion with the adjacent sacral ala
Type IV Mixed (eg, type IIa on one side and type IIIa on the other)

Table-2. Results of our observation according to Castellvi classification

Control LSTV Type I LSTV Type II and more
ILL originating only from L5 210 (100%) 12 (85.7%) 13 (29.5%)
ILL with multiple origins 0 (0%) 2 (14.3%) 28 (63.6%)
ILL with no origins from L5 0 (0%) 0 (0%) 3 (6.9%)

DISCUSSION
LSTV is best identified with a true 30° angled anteroposterior 
X-ray of the lumbosacral junction together with an 
anteroposterior view including the thoracolumbar junction 
to enable assessment of the vertebral level (6). If an LSTV is 
suspected on MRI, the decision of whether it represents a 
sacralized L5 or lumbarized S1 must be made (13). The true nature 
of the lower vertebral segmentation can be established only 
on conventional radiographs that include the thoracolumbar 
junction so that hypoplastic true ribs may be differentiated from 
large transverse processes, thus allowing correct identification 
of the L1 vertebral body (8).

If inaccurate results occur frequently when the location is only 
determined from a lumbar radiograph or when MRI is used 
alone, surgery could be performed on areas other than those 
intended because the localization of the condition could be 
potentially flawed (5,9).  The reason for such results in most cases 
is due to the presence of an accompanying TV. For a TV of 
the lumbosacral area, an anatomically S1 vertebra that appears 
morphologically as an L5 vertebra is referred to as lumbarization 
also an L5 vertebra that appears as an S1 vertebra is referred to 
as sacralization (3,5,7,12).

We observed that an ILL was always present and its origin 
always involved the last lumbar vertebra but the level of the 

origin of the ILL is unreliable for identification of the L5 
vertebra in the setting of a LSTV type II or higher. When we 
search the literature we found that Farshad-Farshad-Amacker 
et al.,  Carrino et al., Hughes et al. and Lee et al. have made 
similar studies and our results are supporting them (2,4,6-7).
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INTRODUCTION
Anterior cervical discectomy(ACD) is 
the most commonly used procedure for 
cervical disc herniation. Many techniques 
and  modalities of fixation are used in 
ACD. Each one has some advantages and 
disadvantages against the others.

The first surgical approach to cervical 
disc disease was performed by Victor 
Horsley with posterior approach in 1895. 
Then Smith and Robinson described 
the anterior cervical discectomy and 
fusion technique in 1955 (13). Anterior 
approach is more preferred in recent 
years. Autograft bone placement 
is recommended for the fusion (3,5). 
Autograft bone fusion has complications 
like graft collapse, graft removal and loss 
of cervical lordosis. Cage implantation 
has been used frequently in recent years 

for the fusion. But fusion causes adjacent 
segment disease (ASD). 

Some authors suggest total disc 
replacement (TDR) to prevent ASD(2). 
The incidence of heterotopic ossification 
in TDR usage is 1,4-15,2 %(19). 
Pseudoarthrosis and fusion develop on 
long-term follow-up. Also the cost is 
quite high. Treatment options are wide 
and not clear.

In our retrospective study we try to 
analyze our 3 years experience of anterior 
cervical discectomy procedures.

MATERIALS AND METHODS
Three hundred and thirty eight 
patients whom operated for cervical 
disc herniation with anterior cervical 
discectomy procedure between April 
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SUMMARY

Objective: The aim of our study is to analyse the cervical discectomy operations performed 
in our clinic in the last 3 years.

Materials and Method: 338 patients underwent anterior cervical discectomy+fusion or 
total disc replacement at Adana Numune Training and Research Hospital Neurosurgery 
Clinic between April 2013 and April 2016 were inspected retrospectively. We evaluated 
patients’ age, gender, level of discopathy, side of the disc herniation, type of surgery, 
preoperative and postoperative Visual Analog Scale(VAS) scores.

Results: Data from 338 patients were included in the statistical analyses. Mean age of 
the study population was 46.1 ± 10.3 years, and male/female ratio was 171 / 167. 145 
patients(42.9 %) had a localization at C5-C6. The symptoms were on the left side of 43,5 % of 
patients. Total disc replacement implanted on 203 patients (60.1 %) and 135 patients(39.9 
%) had been operated with fusion cages with blade. VAS scores decreased significantly 
during follow-up period. The comparisons of clinical characteristics between males and 
females were similar. But postoperative 3rd month VAS scores were significantly different 
between genders, and males had lower VAS scores than females.

Conclusion: Cervical disc disease is a common pathology. Anterior cervical discectomy is 
a frequently performed procedure in surgical treatment. Anterior cervical discectomy + 
fusion or total disc replacement can be performed.

Key words: Cervical disc herniation, anterior cervical discectomy, total disc replacement

Level of evidence: Retrospective clinical study, Level III
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2013 and April 2016 at Adana Numune Training and Research 
Hospital Neurosurgery Clinic were evaluated for the study. 
Traumatic and spondylotic patients were not included in the 
study. 

Patient information’s were accessed from archive files 
retrospectively. Radiological data were inspected from the 
PACS system. In this study we evaluated the level of discopathy, 
side of the disc herniation, type of surgery, preoperative and 
postoperative Visual Analog Scale (VAS) scores.

Statistical Analysis

Descriptive data were presented as mean and standard deviations, 
or median and min-max values for numerical variables, and 
frequencies and percent for categorical variables. Independent 
group comparisons were analyzed with Mann-Whitney U 
test between genders. Changes over time in VAS scores were 
analyzed with Friedman non-parametric analysis of variance 
test. A Type I error level of 5% was considered as statistical 
significance in analyses. SPSS 18 (IBM Inc., Armonk, USA) 
was used for the statistical assessments.

RESULTS
Data from 338 patients were included in the statistical analyses. 
Mean age of the study population was 46.1±10.3 years, and 
male/female ratio was 171/167 (50.6% vs. 49.4%). Patient 
demographics was presented in Table-1. 

The clinical characteristics of the patients were presented in 
Table-2. Accordingly, 43.5% of the patients had complaints in 
their shoulders and left arms at admission, 42.9% of the patients 
had a localization at C5-C6, preoperative deficits were present 
in 29.6% of the patients, 60.1% of patients had cervical disc 
prosthesis, and 39.9% of cases had blade cages. 

The changes in preoperative and postoperative VAS scores 
were presented in Table-3. Analyses revealed that VAS scores 
decreased significantly during follow-up period (p<0.001).

The comparisons of clinical characteristics between males 
and females revealed that complaints at admission (p=0.401), 
localization of complaints (p=0.169), presence of preoperative 
deficits (p=0.537), and materials used in operations (p=0.087) 
were similar between genders (Table-4).

The preoperative and postoperative 1st day VAS scores were 
not statistically different between males and females. But, 
postoperative 3rd month VAS scores were significantly different 
between genders (p=0.014), and males had lower VAS scores 
than females (Table-5).

Table-1. Patients’ demographics

  Mean±SD
Age 46.1±10.3

n (%)
Gender

Male 171 (50.6)
Female 167 (49.4)

Table 2. Clinical characteristics of patients

  n (%)
Complaint at admission 

Shoulder & left arm 147 (43.5)
Shoulder & right arm 62 (18.3)
Shoulder 57 (16.9)
Shoulder & both arms 52 (15.4)
Both arms 8 (2.4)
Right arm 6 (1.8)
Left arm 6 (1.8)

Localization
C5-C6 145 (42.9)
C6-C7 103 (30.5)
C5-C6 ,C6-C7 29 (8.6)
C4-C5 25 (7.4)
C4-C5, C5-C6 15 (4.4)
C3-C4 8 (2.4)
C4-C5, C5-C6, C6-C7 5 (1.5)
C4-C5, C6-C7 2 (0.6)
C3-C4, C4-C5, C5-C6 ,C6-C7 2 (0.6)
C3-C4, C4-C5, C5-C6 1 (0.3)
C4-C5, C5-C6, C7-T1 1 (0.3)
C5-C6 ,C6-C7, C7-T1 1 (0.3)
C7-T1 1 (0.3)

Preoperative deficit
None 238 (70.4)
Present 100 (29.6)

Material
Cervical disc prosthesis 203 (60.1)
Blade cage 135 (39.9)

Table 3. Pre- and post-operative pain scores

VAS Median (Min-Max) p

Preoperative 6 (4-10)

<0.001Postoperative 1st day 1 (0-5)

Postoperative 3rd month 0 (0-4)
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Table 4. Comparisons of clinical characteristics between genders

  Male Female
p

n (%) n (%)

Complaint at admission 0.401

Shoulder & left arm 74 (43.3) 73 (43.7)

Shoulder & right arm 29 (17) 33 (19.8)

Shoulder 32 (18.7) 25 (15)

Shoulder & both arms 27 (15.8) 25 (15)

Both arms 2 (1.2) 6 (3.6)

Right arm 2 (1.2) 4 (2.4)

Left arm 5 (2.9) 1 (0.6)

Localization 0.169

C5-C6 79 (46.2) 66 (39.5)

C6-C7 42 (24.6) 61 (36.5)

C5-C6 ,C6-C7 19 (11.1) 10 (6)

C4-C5 13 (7.6) 12 (7.2)

C4-C5, C5-C6 6 (3.5) 9 (5.4)

C3-C4 4 (2.3) 4 (2.4)

C4-C5, C5-C6, C6-C7 3 (1.8) 2 (1.2)

C4-C5, C6-C7 2 (1.2) -

C3-C4,C4-C5, C5-C6 ,C6-C7 1 (0.6) 1 (0.6)

C3-C4, C4-C5, C5-C6 1 (0.6) -

C4-C5, C5-C6, C7-T1 - 1 (0.6)

C5-C6 ,C6-C7, C7-T1 - 1 (0.6)

C7-T1 1 (0.6) -

Preoperative deficit 0.537

None 123 (71.9) 115 (68.9)

Present 48 (28.1) 52 (31.1)

Material 0.087

Cervical disc prosthesis 95 (55.6) 108 (64.7)

Blade cage 76 (44.4) 59 (35.3)  

Table-5. Comparisons of VAS scores between genders

VAS
Male Female

pMedian 
(Min-Max)

Median 
(Min-Max)

Preoperative 6 (4-10) 6 (4-10) 0.370

Postoperative 1st day 1 (0-5) 1 (0-4) 0.891

Postoperative 3rd month 0 (0-4) 0 (0-4) 0.014

DISCUSSION
Cervical disc herniation is a common disease with pain and 
disability. Surgical or conservative treatment options are quite 
extensive (15). A variety of surgical methods have been described. 
Anterior or posterior approaches could be chosen. Radiologic 
examinations such as Computed Tomography (CT), Magnetic 
Resonance Image (MRI), X ray  and neurological examination 
findings are guiding our treatment modality choice. MRI could 
demonstrate degenerative disc disease in patients who older than 
40 years even if they are asymptomatic (7,9). Therefore, patient 
complaints and physical examination findings are important.

Many implants can be used for anterior discectomy and 
fusion (14,18). Simple cage can be used for fusion. The use of 
cage has disadvantages such as loss of lordosis, cage extrusion, 
pseudoarthrosis and disc height loss. Although fusion rate 
is good it can cause  adjacent segment disease (10,16-17). Disc 
prosthesis is recommended to avoid this. Even if some authors 
believe that the prosthesis protects the moving segment, some 
do not (2,4,6,8,11-12). Also there have been no clear evidence that the 
increased stress or strain of adjacent segment from the fusion 
which is indicated as the cause of ASD increases the incidence 
of reoperation. Prosthesis replacement is also introduced for 
reducing ASD, but from the med-long term follow-up of 
ACD+fusion and prosthesis replacement, it have failed to 
identify any significant difference in the prevalence of ASD 
between them. Eventually the focus on prosthesis replacement 
to overcome the limitation of fusion surgery could not show 
superiority in comparison to ACD+fusion, hence it can be an 
alternative to fusion surgery, but it will be hard to substitute 
ACD+fusion.

There are many clinical series about cervical disc herniations. 
Statistical results could be different because of genetic variations 
and enviromental factors. We search similar studies from our 
territory and we found that Aydoğmuş et al. had a similar 
clinical series (1). When we compare with our study similar 
results found at the level of disc herniation, side of symptoms 
and type of surgery. 

We try to analyse our anterior cervical discectomy operations 
with demographic and clinical datas. Results of these kind of 
clinical series demand on genetic variations, weather conditions, 
social and economic factors of the territories. Surgical methods 
can vary on surgeons experience and supportment of implant 
technologies. 
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INTRODUCTION
Lumbar spinal stenosis, intervertebral 
disc herniation, degenerative 
spondylolisthesis and post lumbar 
surgery syndrome are the most common 
diagnosis of low back and leg pain (7,11). 
Epidural injection of corticosteroids 
with local anesthetics is one of the 
most commonly used interventions 
for managing chronic spinal pain. 
Corticosteroids reduce inflammation and 
local anesthetics have anti-inflammatory 
effects as well (6). 

Epidural injections are administered 
utilizing caudal, interlaminar and 
transforaminal approach. Caudal 
epidural injections are considered to be 

the least specific modality and require 
relatively high volumes to reach the 
pathologic location. However, it is the 
safest technique with minimal risks 
for inadvertent dural puncture (14). 
In the caudal approach, the epidural 
space is entered via the sacral hiatus 
and abnormalities and variations of the 
sacrum and sacral hiatus are challenges 
to locate the sacral hiatus in adults (15). 
Incorrect needle placement has been 
demonstrated in 20% to 38% of patients 
who have caudal epidural injections 
without fluoroscopy (12). Although 
fluoroscopy guidance has a failure rate 
of 2%, it is important to use fluoroscopy 
to confirm the correct needle position 
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SUMMARY

Background Data: Caudal epidural steroid  injections under fluoroscopy guidance have 
been used to relieve chronic low back pain due to lumbosacral nevre root compression. 
However the results of caudal epidural steroid injections under ultrasound guidance 
haven’t been proven. 

Purpose: To determine the clinical outcomes of caudal steroid injections in patients with 
spinal stenosis under ultrasound guidance. 

Materials-Methods: A total of 298 patients with spinal stenosis scheduled to receive caudal 
epidural injections under ultrasound guidance. The patient characteristics were recorded. 
A linear array probe was used initially for each patient. The procedure was performed with 
a convex array probe if adequate ultrasound images could not be achieved with the linear 
array probe. The effect of BMI on the availability to visualize the sacral hiatus and to perform 
the caudal injection with either linear or convex probe was evaluated.  

Results: The patients (221 women, 77 men) with mean age of 58.55±14.29 were included. 
Mean body mass index (BMI) was 30.99±4.29 kg/cm2. The sacral hiatus was identified by 
ultrasound images using linear probe in 260 (87.24%) of patients and by convex array probe 
in 38 (12.76%) of patients. BMI of these patients were 30±3.6 and 37.8±1.21, respectively 
(p<0.0001). The initial NRS0 scores, NRS scores after (NRS1) and one month after (NRS2) 
caudal epidural injection were 7.66±1.26, 3.65±1.3 and 3±1.29 (p<0.0001, p<0.0001, 
p<0.0001), respectively.

Conclusion: Ultrasonography is effective for guiding caudal epidural injection and convex 
array probe would be preferred  in overweight patients if adequate images was not 
achieved with linear array probe.

Key words: Spinal stenosis, Caudal Epidural Steroid Injections, Ultrasound  Guidance
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and that medications are properly injected into the epidural 
space (5). 

Ultrasound guidance has been increasingly utilized in pain 
management for procedures that have been traditionally 
performed under fluoroscopy such as epidural injections (11,9). 
Ultrasonograhic guidance may also help to locate the sacral 
hiatus and sacrococcygeal ligament and identify the anatomic 
variations of the sacrum and sacral hiatus and may allow caudal 
epidural injections to be performed easily and safely (8). 

In this study we evaluated the achievability to caudal epidural 
space with ultrasound guidance in patients with low back and 
leg pain due to lumbar spinal stenosis. 

MATERIAL AND METHODS 
The patients with low back pain and bilateral leg pain due to 
spinal stenosis aged between 20 to 87 years were included and 
managed at Baskent University Department of Pain Medicine 
in Adana, Turkey during a 4 years period. A total of 298 patients 
(221 women, 77 men) were enrolled into the study if they had 
low back pain and radicular pain in the lower extremities of 
more than 3 month duration with no response to conservative 
management. The patients were fully informed of the risks and 
expected benefits of caudal epidural injections and provided 
informed consent to the procedure. Exclusion criteria were as 
follows: symptoms requiring emergency surgery, coagulopathy, 
evidence of infection and inflammation, allergy to iodinated 
contrast or medications and pregnancy. 

The patient characteristics including age, sex, body mass index, 
intensity and history of pain, pain symptom characteristics 
and duration, presence of neurologic symptoms, neurogenic 
claudication, previous pharmacotherapy and physiotherapy and 
amount of analgesics used were recorded. Patients were asked 
to use a numeric rating scale (NRS) to measure average pain 
intensity before (NRS0), after (NRS1), and 1 month after the 
procedure (NRS2).

Ultrasound Guided Caudal Epidural Injection Technique

The procedure was performed with the patient placed in prone 
position. An ultrasound machine with a 6 to 13 MHz linear 
array probe was used initially for each patient. The procedure 
was performed with a convex array probe if adequate ultrasound 
images could not be achieved with the linear array probe (Fujifilm 
Sonosite, Inc. Bothell, WA 98021 USA). The ultrasound probe 
was covered with sterile plastic. A wide area of back skin was 
cleaned with povidone-iodine and covered with a sterile drape. 
The transducer is first placed transversely at the midline to 
view the sacral hiatus. The two sacral cornua were seen as two 
hyperechoic structures forming a reverse U shaped structures. 
Between the cornua, two hyperechoic band-like structures were 
identified, the sacrococcygeal ligament superiorly and the sacral 

surface inferiorly (Figure 1). The sacral hiatus was seen as a 
hypoechoic region between these two band-like structures. The 
transducer is rotated 90 degrees between the two cornua to 
obtain the longitudinal view of sacral hiatus. A 22- gauge spinal 
needle was placed in line with the transducer and advanced into 
the sacral hiatus longitudinally (Figure 2). The needle shaft, 
passage of the needle through the ligament and presence of 
the needle tip entered in the sacral canal was visualized. Once 
proper needle placement was achieved, a mixture of 16 mg 
dexamethasone+20 mg bupivacaine in 20 mL was injected and 
turbulence of the injected material was observed in the sacral 
canal under ultrasound guidance (Figure 3).   

Figure 1. The view of sacral hiatus and U shaped bilateral 
cornua with USG probe placed transversly at the midline. 

Figure 2.  The longitudinal view of sacral hiatus with the 
transducer rotated 90 degrees between the two cornua. 

Patient follow-up

An intravenous catheter was inserted into a vein of the forearm 
and midazolam 2 mg and fentanyl 50 µgr IV was given for 
sedation before caudal epidural injection and pulse oximetry 
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was placed for monitoring. Patients were observed for one hour 
after the injection in the pain clinic and adverse reactions were 
assessed. NRS scores were recorded and monitored for one 
month for both pain scores and unexpected complications.

ASL

PSL
SH

T

Needle

Figure 3. Proper needle placement and turbulence of 
the injected material in the sacral canal under ultrasound 
guidance  SH: Sacral hiatus, T: Turbulence ASL: Anterior 
sacrococcygeal ligament, PSL: Posterior sacrococcygeal 
ligament 

Statistical Analysis

Data were presented as means with standard deviation (SD) 
or numbers and percentages. Categorical data were analyzed 
with χ2 test when appropriate. Differences between NRS were 
analyzed with paired sample t-test for repeated measures. The 
significance between BMI and the success of the procedure with 
each ultrasound probe were assessed by ANOVA. Data analyses 
were conducted using SPSS for Windows, version 17.0 (SPSS 
Inc., Chicago, IL, USA). P<0.05 was considered statistically 
significant. 

RESULTS 
We included 298 patients (221 women and 77 men) with a mean 
age of 58.55±14.29 (range, 20-87 years). Mean body mass index 
was 30.99±4.29 kg/cm2 (range, 18.5-41 kg/cm2). According 
to the BMI categorization 56.4 % (n=168) of patients were 
overweight or obese (BMI > 25). The patient characteristics are 
listed in Table 1. The initial NRS0 scores were 7.66±1.26 and 
pain durations were 13.21±19.05 months. Pain was constant 
in 72.1% (n=215) of patients. Neuropathic symptoms and 
neurogenic claudication were described in 73.8% (n=220) and 
20.1%(n=60) of patients, respectively. The trajectory of nerve 
root pain due to spinal stenosis was determined for 1 level in 

65 (21.8 %) patients, for 2 levels in 90 (30.2 %) patients and 
for more than 2 levels in 143 (48 %) patients. 

The sacral hiatus was identified by ultrasound images using linear 
probe in 260 (87.24%) of patients. In the remaining patients 
(38, 12.76%), ultrasonographic view with linear probe failed 
to confirm proper sacral hiatus images due to the inadequate 
depth of probe view. In these patients convex array probe was 
used and adequate visualization of sacral hiatus was achieved. 
In these patients BMI was 37.8±1.21 (36-41) whereas BMI of 
the patients whose sacral hiatus were visualized successfully with 
linear array probe was 30±3.6 (18.5-35.9)(p<0.0001).

The NRS scores immediately (NRS1) and one month after 
(NRS2) caudal epidural injection were 3.65±1.3 and 3±1.29, 
respectively and were significantly lower than NRS0 scores 
(p<0.0001, p<0.0001, respectively). Neuropathic symptoms 
were completely resolved in 64.1% (n=191) of patients. Medical 
therapy was continued in 26.8% (n=80) of patients. Neuropathic 
symptoms, analgesic consumption and physiotherapy 
requirements were significantly decreased 1 month after caudal 
epidural injection (p<0.0001, p<0.0001, p<0.0001, respectively). 
Fourteen patients (4.7%) underwent surgical treatment due to 
unrecovered symptoms of spinal stenosis after caudal epidural 
injection.  

Table-1. Patient characteristics

n (%)
Neuropathic symptoms 220 (73.8%)
Neurologic deficit 51 (17.1%)
Neurogenic claudication 60 (20.1%)
Physiotherapy 112 (37.6%)
Surgery 52 (17.4%)
Pain
     Continuous
     With motion
     During rest

215 (72.1%)
76 (25.5%)
7 (2.3%)

Analgesic therapy
     No 
    NSAIDs, n (%) of patients
    Adjuvants, n (%) of patients
    NSAIDs + Adjuvants, n (%) of patients

77 (25.8%)
107 (35.9%)
38 (12.7%)
166 (55.7%)

NSAIDs: nonsteroidal anti-inflammatory drug

DISCUSSION
Caudal epidural injections in patients with spinal stenosis 
with low back and lower extremity pain provide significant 
pain relief and improvement in functional status (2). Caudal 
injections although are not superior to either interlaminar 
or transforaminal, may provide equal effectiveness (4). 
Fluoroscopic real-time guidance has been used to confirm 
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proper needle position in the sacral canal for caudal epidural 
injection and approximately a total volume of 20 mL is injected 
to sufficiently fill the epidural space up to the lumbar vertebras 
with a descending degree (6).  

Ultrasound could also be an effective guidance during caudal 
injection without the risk of radiation. It is appropriate for 
both monitoring the needle insertion and advancement into the 
caudal epidural space, the turbulence of injected volume and it’s 
proximal spread through the sacral canal. The success rate of 
caudal epidural injection under ultrasound has been reported 
95.8% and 96.6% in two studies (13,1). In these studies body 
landmarks were assessed with linear-array probes and the high 
success rates were correlated with detecting the bilateral sacral 
cornua, apex of the sacral hiatus, anterior and posterior walls of 
the sacral canal and sacrococcygeal ligament clearly. 

In our study, all caudal epidural injections could be performed 
under ultrasound guidance. However, with linear-array probe 
the sacral hiatus was identified in 87.24% of patients. In 12.76% 
of patients, linear probe failed to confirm proper sacral hiatus 
images due to the inadequate depth of view. In these patients 
adequate visualization of sacral hiatus was achieved with convex 
array probe. The main significant difference between these 
patients was BMI. The BMI of patients whose sacral hiatus 
were visualized successfully with linear array probe was 30±3.6 
(18.5-35.9) and with convex array probe was 37.8±1.21 (36-41). 

In previous studies the procedure was performed with high 
success rates and the BMI were 27.18±4.8 and 27.19±6.7, 
respectively (13, 1). In another study, clear ultrasound images 
of the sacral hiatus was obtained in patients with a BMI range 
of 23-27 kg/cm2 (3). In our study, mean BMI of patients was 
higher than these previous studies and, linear-array probe was 
sufficiently used in patients with a maximum BMI of 35.9 
kg/cm2. However, in patients with a BMI ≥36 kg/cm2, the 
anatomical details of the sacral hiatus was invisible due to 
excessive fat tissue overlying the sacrum. Then we changed 
the linear probe with convex array to achieve an adequate dept 
of view and obtain clear ultrasound images of sacral hiatus. 
Also, in another study, ultrasonography was failed to identify 
the sacral hiatus with linear probe in one of 30 patients who 
had a BMI, 46 kg/cm2 (1). 

The anatomic variations of the sacral hiatus are the main 
predictors of the success of caudal injections. In anatomic studies, 
the sacral hiatus is usually described using two measurements, 
the distance between the sacral cornua tips and the diameter of 
the canal at the apex of the hiatus. The anatomic variations of 
these landmarks are suggested to change the safety and success 
rate of the caudal injections based on radiologic or cadaveric 
measurements (10). Additionally, the optimal angle of needle 
insertion and the depth of the caudal space are mainstays of 
anatomical landmarks. 

According to our results, except anatomical variations or 
substantial closed sacral hiatus, BMI of patients indirectly 
effected the success rate of the procedure under ultrasound 
guidance due to excessive sacral fat tissue. This would not be the 
cause of difficulty or unsuccessfulness of the procedure under 
fluoroscopy guidance. However, to obtain adequate depth of 
caudal space view with sacral hiatus images under ultrasound 
guidance, convex array probes should be used instead of linear 
probes. 

CONCLUSION
Ultrasonography is effective for guiding caudal epidural 
injection and we suggest that convex array probe would be the 
first option if the patient’s BMI is greater than 36 kg/cm2 or 
would be changed to if adequate image was not achieved with 
linear array probe due to the depth of caudal space.
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INTRODUCTION
It is widely accepted that cervical 
degenerative disc diseases (CDDD) 
occurs in some degenerative background. 
These degenerative cervical changes 
result in cervical sagittal malalignment 
(2,14,15). This study emerges from the idea 
that after removing degenerative disc 
material surgically and decompressing 
the neural tissue, sagittal profile can be 
restored to the similar values those of 
normal population (12). The secondary 
opinion of the study is to use lordosis 
cage for facilitating this restoration. A 
radiographic study designated from this 
point of view. Cervical sagittal alignment 
is commonly assessed by calculating 
cervical lordosis and some other related 
metrics that gives slope of the head or 
proximal thoracic region (11,15). Because 

the cervical spine is the most mobile part 
of the spinal column, a wide range of 
normal alignment has been described (5). 
Value and the center of cervical lordosis 
are the main basis of cervical sagittal 
alignment measurements (10).

The main aim of this study is to show 
whether radiographic sagittal restoration 
occurs or not after anterior cervical 
discectomy with fusion (ACDF) with 
a lordosis cage for CDDD. This study 
gives short-term results.

MATERIAL AND METHODS
After obtaining an approval from Düzce 
University Committee on Ethics for 
Non-interventional Health Studies 
(16 Jan, 2017-2017/01), retrospectively 
designated study began.
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SUMMARY

Objective: To investigate changings of cervical sagittal parameters after anterior discectomy 
and fusion (ACDF) with lordosis cages. 

Material and methods: This study includes 55 patients with one and two levels of soft 
cervical disc hernia who were operated via ACDF with lordosis cage. The study is designated 
retrospectively. Visual analog scale (VAS) values, cervical lordosis angle, cranial slope and C2 
tilt were evaluated preoperatively and postoperatively at some certain periods. Changings 
of these parameters compared statistically. Correlation between VAS values and sagittal 
parameters were investigated statistically. 

Results: No statistically significant differences were found between preoperative and 
postoperative sagittal parameters. Statistical analysis showed that change of VAS values is 
significant for every level and two levels disk hernia for all postoperative follow-up times 
(p˂0.001). 

Conclusions: Restoration of cervical sagittal parameters measurements come closer those 
of normal population values after surgery. However, these changings were not statistically 
significant. The clinical results of surgical treatment of cervical disc disease generally 
come before radiological improvement like other areas of spinal surgery. It is expected 
that statistically significant results can be obtained from long term follow-ups since these 
parameters approaching the values of normal population in the early postoperative period.

Key words: Anterior cervical discectomy and fusion, cervical sagittal parameters, lordotic 
intervertebral cage

Level of Evidence: Retrospective clinical study, Level III
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Study includes 55 patients who were performed ACDF with a 
lordosis cage in between 2015 and 2017 in Düzce University 
Hospital. Patients were between 18 and 70 years old men and 
women with one or two levels of soft cervical disc herniation’s 
(CDH) that were performed ACDF after the failure of 3 weeks 
of medical treatment. 

Including criteria

1.	 Men and women between 18 and 70 years old with 1 or 
2 levels soft CDH that were performed ACDF after the 
failure of 3 weeks of medical treatment.

2.	 Patients who have symptoms were relevant to their 
radiological imaging studies were included in the study.

3.	 Excluding criteria

4.	 Patients who have cervical spondylosis, olisthesis, 
spondylotic myelopathy and foraminal bony narrowing;

5.	  Patients who were performed operation for cervical region 
for any reason;

6.	 Patients who have traumatic disc hernia or any traumatic 
condition affecting cervical region;

7.	 Patients who have cervical congenital anomalies or 
malformations such as Klippel Feil anomaly or Chiari 
malformation; 

8.	 Patient who have severe metabolic diseases such as diabetes 
or chronic obstructive pulmonary diseases;

9.	 Patients who have malignant diseases, and already had 
chemotherapy or radiotherapy are excluded from the study.

All patients were performed detailed neurological examination 
and obtained visual analog scale (VAS) scores preoperatively, 
postoperatively on the 1st day, 15th day and the 3rd month. 

Radiographic measurements

All patients were performed standing lateral cervical 
roentgenograms preoperatively, postoperatively on the 1st day, 
15th day and the 3rd month. Sagittal parameters were measured 
on these roentgenograms. Cervical lordosis angle (CL) (Fig. 
1), C2 tilt angle (C2T) (Fig. 2), and Cranial slope (CS) (Fig. 3) 
values were obtained at all of these follow-up times. 

1.	 CL: Angle between the line parallel to the C2 posterior 
margin and the line parallel to the C7 posterior margin (3).

2.	 C2T: Angle between the vertical line passing through the 
center of C7 and a line passing through the center of the 
lower end plate of C2 and the center of C7 (8).

3.	 CS: Angle between the horizontal line and the McGregor 
line (8).

Figure-1. CL angle measurement by Cobb method.

Figure-2. C2T angle measurement is shown.
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Figure-3. CS measurement.

Operation technique

ACDF is the treatment of choice for cervical disc herniation 
and spondylotic radiculopathy or myelopathy (9). The patient is 
placed in the supine position with the neck slightly extended. 
The patient’s head is fastened in the table with tape to maintain 
a neutral position, and his or her shoulders are tightened down 
with tape for allowing appropriate visualization with C-arm 
image intensifier. A right-side transverse 2 cm skin incision is 
done, platysma muscle is opened transversely. To reach to the 
anterior of the cervical vertebral column, dissection is advanced 
from the lateral edge of the M. sternocleidomastoid. Internal 
carotid artery and trachea-esophagus are retracted laterally and 
medially respectively. After fluoroscopic localizing, discectomy is 
performed by microinstruments under the operating microscope 
(Zeiss OpMi Pentera 900, 2012, Jena, Germany). After 
curettage of both endplates, a proper allograft (Demineralized 
Bone Matrix) filled PEEK cage (Polyether ether ketone Lor 
X® Cervical Peek cage with blade, TiGA14V ELI alloy, 0,3 mm 
tread depth, with 1,5 mm blades, 5º lordotic, static resistance 

of 15 kN/mm, dynamic strength of 100N / 1.000.000 cycles) 
inserted in the intervertebral space.    

Statistical analysis

Changings of all parameters with time after operation were 
evaluated and compared with corresponding VAS scores. 
Descriptive statistics of whole data were analyzed. Normality 
assumptions of continuous variables were tested by Kolmogorov 
Smirnov test. Comparing changing of variables at follow-up 
times were tested by Friedman (post hoc: Bonferroni adjusted 
Wilcoxon test), Paired Samples t test and Wilcoxon tests. When 
the p values were less than 0.05, changing was accepted as 
statistically significant.   

RESULTS

Patients’ demographics

Thirty male (54.5%) and 25 female (45.5%) patients were 
included in the study. Mean age of the patients was 45.4 years 
old (27-67 years old).

Thirty-seven of the patients (67.2%) were operated for one 
level, 18 (32.7%) of them were operated for 2 levels CDH. The 
majority of the patients had an only one level CDH at the C5-6 
level (41.8%). On the other hand, CDH at the C5-6 level was 
found in 70.9% of all patients (Table-1). 

Table-1. CDH levels and frequency.

CDH levels n %
One level 37 67.3
C3-4 1 1.8
C5-6 23 41.8
C6-7 13 23.6
Two levels 18 32.7
C3-4 and C5-6 1 1.8
C3-4 and C6-7 1 1.8
C4-5 and C5-6 5 9.1
C4-5 and C6-7 1 1.8
C5-6 and C6-7 10 18.2
Total	 55 99.9

Table-2. VAS scores and statistical results.

VAS scores Mean±SD Median Min. Max. p
Preop. 6.76±1.07 7.00 5.00 9.00 < .001
Postop. 1st day 3.78±1.15 4.00 1.00 5.00 < .001
Postop. 15th day 2.62±1.35 3.00 .00 6.00 < .001
Postop. 3rd month 1.82±1.26 2.00 .00 5.00 < .001
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Table-3. Changings and statistical results of radiographic measurements of sagittal parameters.

Sagittal parameter Mean±SD Median Min. Max. p
CL preop. 8.9±6.6 6.7 .4 25.6 .285
CL postop. 9.8±8.3 7.2 -19.2 33.2 .285
C2T preop. 12.9±4.9 11.2 2.9 22.1 .421
C2T postop. 14.1±13.7 12.8 2.5 24.3 .421
CS preop. 9.7±5.6 8.3 1.0 23.7 .806
CS postop. 10.0±6.7 8.7 1.2 33.4 .806
All values are given as (°).

VAS scores

The VAS scores of the patient for preoperatively and all the 
follow-ups are shown in the Table-2. The mean VAS value is 
7.0, 4.0, 3.0 and 2.0 preoperatively, on the 1st day, 15th day and 
3rd month postoperatively respectively. Changing in time for 
VAS values is statistically significant for all the follow-up times 
(p<0.001 for each).

Radiographic measurements of sagittal parameters

Statistical analyses of changing of the sagittal parameters are 
given by the table 3. There is no statistically significant changing 
of sagittal radiologic measurements (Table-3). The maximum 
different values were used for postoperative values. These values 
were generally obtained on the postoperative 3rd month. 

DISCUSSION
When the “pain” is considered as the main complaint, patients 
of the series of this study were improved after ACDF due to 
their postoperative VAS scores only, and changings of VAS 
grades. Decrease of the mean VAS score at the very early 
postoperative period, on the 1st day, is exceedingly impressive. 
The mean VAS score was 6.76 and 3.78 preoperatively and on 
the 1st day respectively. This result is statistically significant 
(p< .001). The importance of this result is that it indicates the 
main problem of patients with CDH. Extremely good recovery 
on the 1st postoperative day is the result of decompression of 
the neural tissue. Some studies in literature supports this idea 
(3,13). Neural compression is the most crucial factor to develop 
symptomatology of CDH. It can be statistically claimed that 
ACDF operation is a very suitable choice of the treatment of the 
patients with 1 or 2 levels soft CDH according to mean VAS 
scores on the 15th day and 3rd month, 2.62 and 1.82 respectively. 
The p values are less than 0.001 on both follow-up periods. 
Continuing decrease of VAS scores at the postoperative period 
may be indicative of ongoing healing of the neural tissue after 
decompression.  

Maximum recovery is seen very early postoperative period, 
but healing is continuing for a reasonable long time. When 
using median instead of mean as a statistical parameter, the 

condition doesn’t change; p is less than 0.001 for every follow-
up time. The median VAS decreased from 7.00 preoperatively, 
to 4.00, 3.00 and 2.00 postoperatively on the 1st, 15th days and 
3rd month respectively. Location or multiplicity of the CDH 
doesn’t make change VAS changings statistically. Changing is 
from preoperatively 7.0 to postoperatively 5.0 for C3-4 hernias; 
from 7.4 to 1.9 for C5-6 hernias; from 6.2 to 0.7 for C6-7 
hernias and from 6.8 to 1.9 for two level hernias. Result of 
C3-4 hernia seems to anomalous outcome. But there is only one 
C3-4 CDH in the series, so its result is expected as statistically 
insignificant in all circumstances. Normal populations data 
about these parameters are given in the literature (4,8,16). Normal 
values of CL, C2T and CS are 4.89°±12.84°, 10.48°±6.93° and 
1.59°±6.81°.

The vital consequence of this study is that the results don’t 
support the main hypothesis of the study which stated that 
the changings of the cervical sagittal parameters will be parallel 
to the recovery rate of patients. When the study designated, 
investigations of two main clinical predictions were considered. 
Is there any correlation between sagittal cervical parameters and 
symptomatology of CDH? And, can normalizing of sagittal 
parameters be provided after decompression of neural tissue 
via ACDF (6)? These two interdependent hypotheses are not 
confirmed by the result of this study. 

Many factors may take place for happening of this result.  A 
short follow-up time is a crucial weakness. Although it is not 
statistically significant, postoperative values of the radiographic 
measurements changed toward the values those of normal 
population’s. This fact gives expectations about long term results. 
The second central fact which emerges these results that may 
be acknowledged of the CDDD develops in the disordered 
cervical sagittal profile. Preoperative sagittal measurements 
especially CL of some patients were within normal limits. 
Besides, despite well recovery due to their VAS values, some 
patient’s sagittal parameters were getting worse after operation. 
It is widely accepted that cervical paravertebral muscle spasm is 
the reason of cervical spinal flattening (1). And this spasm is an 
important component of the patient’s pain (7). The vital question 
is whether this paravertebral spasm is a structural phenomenon 
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or a reaction to degenerative changes. The certain way to 
understand this is to see the lateral cervical roentgenograms 
of patients with CDH before they become symptomatic! It 
is almost impossible practically! Since CS and C2T are the 
parameters directly correlated with CL, all of these opinions 
are valid for CS and C2T at the same time.     

Another limitation of this study is that this is a retrospectively 
designated investigation. More circumstances can be controlled 
with a prospectively designated study.   

That using a lordotic cage for all patients is one of a strong 
point of this study. It may be added a group of straight cage 
for a control to the study. This can measure the contribution 
of lordotic cage. But this is beyond of the scope of this study.  

CONCLUSIONS
ACDF is a very beneficial choice for treatment of soft CDH. It 
is expected that cervical sagittal parameters normalize parallel to 
recovery of patients after ACDF operation. Some prospectively 
designated studies with long term results are required.
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INTRODUCTION
Spinal surgery has been doing in 
huge amount all around the world. 
Some diseases of the brain and spinal 
column are seen frequently at younger 
ages, children or early childhood. 
Congenital anomalies and diseases of 
the craniospinal system are expected to 
affect these groups of patients more than 
those of the older patients, and may also 
be associated with an increased risk for 
subsequent neurological compromise 
during spinal surgeries. Those pediatric 
patients are already vulnerable to any kind 
of surgery; associated anomalies of those 
patients may increase the risk of surgery. 
At the same time, it may be encounter 
some technical difficulties during surgery 

in older age group of patients that have 
some associated congenital anomalies (1). 

The aim of the study is to reveal that 
how congenital spinal anomalies effect 
the outcomes of spinal surgery, to discuss 
decision making process of three sample 
cases. Besides, a review of the literature 
was executed using PubMed database. 
The objective of this research was to 
find any publication about that how 
congenital spinal anomalies influence the 
decision, and prognosis of spine surgery. 

MATERIALS AND METHODS
The authors presented three of 
their patients who needed excessive 
evaluation and investigation with a lot 
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SUMMARY

Objective: This study was a retrospective clinical research based on challenging cases with 
clinical and radiological data analysis, and the review of literature. The aim of this study was 
to determine the factors affecting spinal deformity treatment in patients with diseases of 
the central nervous system following neurosurgical management. 
Material and Methods: Three sample cases presented and the relevant literature were 
interpreted by the lights of these analyses. Patients are consisted of 20 and 44 years old 
females and 9 years old boy with childhood neural diseases. These accompanying diseases 
were detected during evaluation for spinal surgery by neurologic examination and imaging 
modalities.
Results: All patients have been doing neurologically well with almost no deficits and 
manageable pain problems. A 44-year-old women who had CSF diversion operation 
previously, was resolved her arachnoiditis by extending the cervical stenosis operation. 
Neurofibromas that complicated kyphosis operation of a 9-year-old boy were removed. And 
tethered cord of a 20-year-old girl was untethered during scoliosis operation. All patient’s 
neurological status is well after operations and follow-ups.
Conclusions: Surgical treatment of patients with spinal diseases may become a quite 
challenging case when they have congenital anomalies or CNS related problems. Staging 
surgical approach should be kept in mind for these kinds of patients. Besides, growing of 
spine and spinal cord at different rates shouldn’t be forgotten for children.  The whole spinal 
axis must be kept under lifetime control by some regular intervals for spine patients with 
additional congenital or CNS anomalies.
Key Words: Congenital spinal diseases, Congenital neurologic diseases, Deformity, 
Degenerative spinal diseases, Intraspinal anomalies, Neurofibromatosis-I, Spinal operations
Level of Evidence: Retrospective clinical trial based on a case study, level IV
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of preoperative tests and studies before making a decision of 
patients’ treatment plans. Three of our patients are discussed in 
this manuscript. Twenty and 44 years old females and a 9-year-
old boy with some spinal disorders complicated with childhood 
neurologic diseases are evaluated and discussed. Neurological 
diseases of the patients need extra surgical effort, longer surgery 
time or extension of operation. These associated diseases are 
explained in sample cases. This study is a retrospectively case 
analysis, so it needn’t any ethics committee approval.

Sample Cases:

Case 1: 

The patient was a 44-year-old woman admitted to our clinic 
in 2007. Her complaints were headache and severe, increasing 
pain in her right arm for almost 4 years. When she was 22 
years old, she had a ventriculoperitoneal (V/P) shunt operation 
in another clinic with the diagnosis of hydrocephalus. At the 
night of operation a left hemiplegia developed with loss of 
consciousness. She had been hospitalized more than 2 months 
with one month in intensive care unit (ICU). In a year, her 
hemiplegia had been resolved by an intense physical therapy 
and rehabilitation. Since then she has some complaints such as 
moderate to severe headache, pain in her neck and especially 
right arms. She connected with many doctors and she had a 
lot of cranial magnetic resonance imagings (MRIs) including 
cerebrospinal fluid (CSF)-flow sequences. She was done lumbar 
puncture to measure the CSF pressure in another hospital few 
years ago, and she was hospitalized due to severe headache, 
and vomiting. Her last MRI revealed a right parieto-occipital 
calcified epidural/subdural hematoma, moderate enlargement of 
lateral and third ventricles with ventricular catheter on the right 
ventricle (Figure-1), and CSF flow in the aqueductus Silvius was 
in normal ranges and patterns. Her neurological examination 
disclosed that monoparesis of the right arm, hypoesthesia on 
C4,5,6,7 dermatomes. Deep tendon reflexes of all extremities 
were hyperactive. Hoffmann reflex was bilaterally positive, 
Achilles clonus and, Babinsky reflex were positive on the right 
side. Right shoulder impingement was also detected during 
abduction and external rotation. A cervical MRI was performed 
showing C3-4, C4-5 and C5-6 severe spondylosis with C4-T1 
arachnoid cysts compressing the spinal cord especially on the 
right side (Figure-2). Further evaluation and tests were performed 
such as electromyoneurography (EMG), somatosensory evoked 
potentials (SSEP), and motor evoked potentials (MEP) showing 
myelopathy and multilevel radiculopathies. A roentgenogram 
showed distal catheter breakage of V/P shunt (Figure-3). 
Ophthalmological examination revealed that bilaterally mild 
optic atrophy. V/P shunt reservoir tapping was done. The 
CSF pressure was low, but spontaneous CSF flow through 
the needle was seen. Because of the possibility of partially 
obstruction of ventricular catheter, it couldn’t be a reliable index 
of measuring CSF pressure for this patient. So, we decided to 

explore the arachnoid cyst first, because her complaints seemed 
mainly related with cervical compression. We explained to the 
patient and her family underlining that there was a risk of 
herniation during laminectomy and cervical dural opening. 
A written consent was taken for that the patient may have 
needed exploration of her shunt, and/or insertion of an external 
ventricular drainage system. C4 and C5 total laminectomy and 
C6 superior hemilaminectomy were performed. During the 
operation it was seen that there was no a single cyst, it was like 
arachnoiditis, with a lot of membranes firmly attached to the 
spinal cord and the dura forming honeycomb appearance. It was 
thought that arachnoiditis was caused by hemorrhages from 
V/P shunt insertion 22 years ago. After operation, most of her 
complaints were resolved mostly due to surgical decompression 
and duroplasty enlarging medullary canal. 

Figure-1. T1 weighted axial (A) and sagittal (B) MR 
images showing  right parieto-occipital calcified epidural/
subdural hematoma, moderate enlargement of lateral 
and third ventricles with ventricular catheter on the right 
ventricle, and normal-sized fourth ventricle.

Since the first operation she has been under follow-up routinely. 
Almost for 5 years she has been quite well. In 2013 she 
hospitalized again with the similar complaints. Her neurological 
examination was revealed that right-sided hemihypoesthesia, 
and hemiparesis (both symptoms heavy on the right arm), 
hyperactive deep tendon reflexes, bilateral positive Hoffman 
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reflex, bilateral Achilles clonus, and Babinsky reflex. There was 
still impingement syndrome of the right shoulder. Cranial and 
cervical MRIs were performed again. There was no new lesion 
in the cranial MRI; and the cervical MRI showed that the 
spondylosis and the cystic enlargement continued (Figure-4). 
3D CSF flow MRI (1) was performed and showed CSF flow 
through the aqueductus Sylvius, Foramen of Magendie, and 
spinal subarachnoid spaces (Figure-5). The patient underwent 
operation again. Under intraoperative neuromonitoring 
(IONM), three level anterior cervical discectomies, corpectomies 
(C3-4,C4-5,C5-6), interbody cage and bony fusion with 
DBM and instrumentation with anterior cervical plate were 
performed. Then the patient was turned to prone position. 
Bilateral C4,5,6 lateral mass screws were inserted, C3,6,7 total 
laminectomies, and T1 superior hemilaminectomy were done. 
Dura was opened, it seemed that the arachnoiditic appearance 
was resolved, and there were fewer adhesions. The thick 
arachnoid band at superior T1 level (Figure-6) was opened 
and the cyst marsupialization was done. After dural closure, 
the posterior instrumentation and bony fusion were completed 
(Figure-7). At the 6th month of follow-up with physical therapy 
and rehabilitation program, her complaints resolved very well. 
She had no hemiparesis, and decreasing hemihypoesthesia. 
Babinsky, and Achilles clonus were disappeared on her left side. 
She is still under follow-up.

Figure-2. T2 weighted sagittal (A) and axial (B) cervical 
MRI showing C3-4, C4-5 and C5-6 severe spondylosis 
with osteophytic supur formation causing foraminal 
narrowing, and C4-T1 arachnoid cysts compressing the 
spinal cord especially on the right side.

Figure-3. PA abdominal x-ray showed distal catheter 
breakage of V/P shunt

Case 2: 

The patient was a 9 year-old boy applied to our clinic in 2011. 
He was diagnosed as Neurofibromatosis-1 (NF-1) three years 
ago. 

Cranial and spinal MRIs for routine control showed left C4-5 
intradural neurofibroma, and it was doubled in size during 9 
months (Fig-8). 

He had also congenital cervical kyphosis 20 degree (Fig-9). 
Neurological examination revealed that left arm abduction was 
4/5 in muscle strength. He had huge (10x15 cm) subcutaneous 
plexiform neurofibroma at the left side anterior cervical area. 
He underwent operation. 

Left C4 hemilaminectomy and C5 sup hemilaminectomy were 
done. Midline structures and facet joint were kept intact. 

Gross total tumor excision was achieved with control cervical 
MRI showing no residual tumor. Philadelphia type semirigid 
collar was recommended in order to reduce pain for short period 
(3-5 days). Early isometric cervical exercises were thought to 
him, and his mother. At 6th month he came for control. His 
mother said that he has kept cervical collar 3-4 weeks, he didn’t 
do exercises. His complaint was neck pain. 

His neurological examination was intact. His cervical X-ray 
showed that his cervical kyphosis increased to 68 degree (Fig-
10). He underwent intensive physical therapy and rehabilitation 
program. 3 months later his pain was resolved but the degree 
of kyphosis didn’t change. 

His control cervical MRI showed that no residual or recurrent 
intradural tumor with cord compression at C4 level. 
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Figure-4. T2 weighted sagittal cervical MRI showing C3-4, C4-5 and C5-6 severe spondylosis with osteophytic supur 
formation causing foraminal narrowing, and C4-T1 cystic enlargement continued. C4 and C5 total laminectomy and C6 
superior hemilaminectomy areas visualized. 

The family was informed widely, emphasizing that he has 
NF-1, and he may have other neurofibromas at the cervical 
area ever, and he was a child and his spinal column would 
lengthen. But his kyphosis must have been corrected because 
it was shown that when the Gore angle was between 21 and 78 
degree, the intramedullary pressure was increasing more than 50 
mmHg (2). Thus he underwent operation with intraoperative 

neuromonitoring, C4 corpectomy, insertion of cage and anterior 
fusion with C3-5 anterior cervical plating, then C3,4,5 lateral 
mass fusion with screws were performed (Fig-11). Due to the 
reasons mentioned above the craniocervical instrumentation 
and fusion were not recommended at this stage. The patient was 
under follow-up for 2 years without any pain and neurological 
deficit. 
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Figure-5. 3D CSF flow MRI was performed and showed CSF flow through the aqueductus Sylvius, Foramen of 
Magendie, and spinal subarachnoid spaces

Figure-6. Intraoperative picture showing the thick arachnoid band (arrow) at superior T1 level. 
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Figure-7. Lateral (A) & PA (B) cervical x-rays showed 360 degree enstrumentation of the cervical area

Case 3: 

The patient was a 20 year-old girl applied to our clinic in 2012. 
She was operated on for tethered cord and scoliosis when she 
was 11 year-old. Thoracolumbar pedicle screw fixation and bone 
fusion which was not known if it was allograft bone matrix 
or synthetic bone graft substitutes were done. After operation 
her complaints (back and leg pain) did not resolve. 2 years 
later her instrumentation was removed because of back pain. 
She has had physical therapy and rehabilitation intermittently 
ended with increase of back and leg pain, and hypoesthesia. 
For the last 1 year, her complaints increased especially on the 
left leg with difficulty in walking. When she walked, she felt 
pain on her back, and pulling on the left leg with a severe pain 
on the posterior cervical and occipital area. Her neurological 
examination was revealed monoparesis and hypoesthesia on 
the left leg, heavy on the distal part. Cranial and whole spinal 

MRIs showed that she had no Chiari malformation, but she 
had scoliosis with vertebrae anomalies (L2 hemivertebrae, L1 
butterfly vertebrae) (Fig-12), and tethered cord (Fig-13). She 
underwent operation, and after paravertebral muscle dissection 
it was seen that her lumbar area had 3,5 cm-thick, and 7 cm-
wide intensive bony fusion (Fig-14). Using high-speed drill the 
spinal dura was found on the thoracolumbar area. The first dural 
opening was at the L4-5 level for untethering from the first 
operation. The dura was opened until S2 level, and it was seen 
that tethering continued until that level. The cord was released, 
and dura was closed as watertight fashion. The procedure was 
ended at this stage because the bony fusion was so intensive 
and there was no reason trying to crush it for correcting the 
scoliosis. After operation she underwent intensive physical 
therapy and rehabilitation. Her numbness and weakness of the 
left leg resolved significantly. Her back and neck pain ended. 



The Journal of Turkish Spinal Surgery 181

Figure-8. T1 weighted sagittal (A) and axial (B) MR images with contrast showing intradural neurofibroma at C4-5 level, 
located on the left side.
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Figure-9. T2 weighted sagittal cervical MRI showing the 
pre-operative cervical kyphosis angle measured by posterior 
tangent method. It was 20 degree.

Figure-10. Lateral cervical x-ray showing cervical kyphosis 
angle measured by posterior tangent method at post-
operative 6th month. It was 68 degree.

Figure-11. PA (A) & Lateral (B) cervical x-rays showed 360 degree instrumentation and fusion of the cervical area.
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Figure-12. PA (A) & Lateral (B) cervical x-rays of Case-3 showed scoliosis, and previous L4, L5, S1 laminectomy areas. 

Figure-13. T2 weighted sagittal (A) and coronal (B) lumbar MR images showing scoliosis with L2 hemivertebrae, L1 
butterfly vertebrae, conus ending almost at L5-S1 level with intradural septations resembling tethered cord. 
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Figure-14. Intraoperative picture of the Case-3 showed 3,5 cm-thick bony fusion (black arrow) of the whole lumbar area, 
and previous dural opening was at the L4-5 level (white arrow)

Complications

Case-3 had CSF fistula after operation, which was resolved in 
3 days with bed rest and dressing the wound. 

RESULTS
All patients have some associated childhood neurologic disorders 
that complicated or prolonged surgery. Patient 1’s previous CSF 
diversion yielded high risk of cerebellar herniation. Removing 
arachnoiditis needed extra laminectomy and dural opening. 
Difficulty of case 1’s treatment was performing laminectomy 
with avoiding cerebellar herniation. Neurofibromas of the 
patient 2 required excision of these lesions. For this case, 
necessary of intradural and extradural tumor resection made 
difficult and prolonged the kyphosis correction. For untethering 
during scoliosis correction of the patient 3’s tethered cord craved 
time consuming extra procedures, neuromonitoring, dural 
opening and microtechnique. Associated neural pathologies 
requires additional preoperative evaluation, using extra 

imaging modalities and excessive surgical planning. At the 
same time, surgical complication rates are getting higher with 
every associated disease. Fortunately, we saw only one serious 
complication after these 3 patient’s operations. After untethering 
of the patient 3’s tethered cord, a CSF fistula developed. Fistula 
closed after a 3-day bed resting and wound care. This is the 
only serious complication of these three patients. It needed no 
reoperation for dural repair. These procedures were challenging 
and time consuming. 

DISCUSSION
For the Patient-1, it was difficult to decide from where to start. 
If the patient was shunt dependent, the cervical laminectomies, 
and dural opening would have the risk of cerebellar herniation. 
So it would have been necessary to fix the shunt first. But she 
may have also had arrested hydrocephalus and posterior cervical 
decompression, anterior discectomies, and spondylectomies 
in one session would have been enough for resolving her 
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complaints. Shunt reservoir tap was performed but it had been 
not a suitable method to measure the CSF pressure from a 22 
year-old shunt, because of the ventricular catheter may have 
been hemi-obstructed, too. The history of severe headache 
and vomiting after LP also suggested hydrocephalus but this 
was not supported by other clinical tests such as ophthalmic 
evaluation for papilledema. During the first exploration of the 
cervical cyst, it was thought that arachnoiditis was caused by 
hemorrhages from V/P shunt insertion 22 years ago as an only 
possible reason. There is no literature in PubMed related to V/P 
shunt complication, subdural/epidural hematoma and cervical 
arachnoiditis and/or arachnoid cysts. So we decided to make 
staged surgery not to harm, and over treat the patient. At every 
step, the patient evaluated, examined again and again. So we 
took the risk and started from the cervical area first. Her shunt 
is still untouched but under follow-up with ophthalmological 
and radiological tests. Regular follow-up for such a patient 
by the same neurosurgical team and early intervention of 
the cervical cyst may have prevented the compression of the 
cervical cord and excessive degeneration of the cervical column. 
V/P shunt dysfunction may have been realized earlier, and 
the shunt pump may have been changed to programmable 
one with the replacement of distal and if needed proximal 
catheters. Ultimately, continuing question mark about the shunt 
dysfunction may have been extinct.  

For Patient-2, previous studies of asymptomatic volunteers 
have revealed that the greatest variation in regional sagittal 
neutral upright spinal alignment occurs in the cervical spine 
with “normal” alignment ranging up to +15 to +20o kyphosis. 
Minor intramedullary pressure (IMP) increases of 2-5 mmHg 
were observed when the Gore angle was <+21o. Gore angles 
ranging from +21o to +78o resulted in statistically significant 
increases in IMP ranging to >50 mmHg (2). 

Cervical kyphosis is relatively common and can develop due 
to infection, tumors, or surgery; however congenital cervical 
kyphosis is a rare clinical condition. It is defined as kyphosis 
induced by an abnormal vertebral body, including congenital 
failure of formation (type-1), congenital failure of segmentation 
(type-2), and mixed failure (type-3). Cervical kyphosis may 
occur with NF1 and is often associated with vertebral dysplasia. 
Outcomes of cervical spinal fusion in patients with NF1 are not 
well described because of the rarity of the condition. There are 
only two references in the literature (3-4). Most of the patients 
underwent anteroposterior cervical fusion (3-4). Kawabata et al. 
(4) suggested dystrophic changes in the vertebrae make surgical 
correction and fusion of the deformity extremely difficult. The 
kyphosis angles improved after surgery but the patients had 
still some degree of kyphosis. The partial dislocation of the 
distal fibula graft after removing the halo west is the surgical 
complication. Helenius et al. recommended anteroposterior 
surgery provided better correction of cervical kyphosis than 
posterior fusion in children with NF-1. Thirteen patients of  

22 patients had complications and nine needed revision surgery 
(3).  In light of the foregoing findings, cervical kyphosis in NF-1 
patients is difficult to treat, may need consecutive operations, 
and should be followed with close attention.  

 Patient-3 has congenital scoliosis which is the presence of 
abnormal coronal plane curvature in spine secondary to a 
failure of formation, segmentation, or a combination of the 
two arising from abnormal vertebral development. Congenital 
scoliosis occurs 1 in 1000 newborns (5-6). As a developmental 
anomaly, it is associated with various organ system abnormalities 
including neural axis. The close relationship of embryonic 
development of vertebrae and spinal cord causes co-existence 
of neural and vertebral malformations such as tethering 
of the cord, diastematomyelia, lipomas, syringomyelia, and 
lipomeningocele (7-10). The MRI studies showed the intraspinal 
anomalies range from 24,5 % to 47 % (10-12). Hemivertebrae 
was the most common anomaly. The incidence of intraspinal 
anomaly in patients with failures of segmentation and mixed 
defects were significantly higher than patients with failures 
of formation (9-10,13). Tethered cord was the most common 
intraspinal abnormality in congenital scoliosis patients.  

The options for conservative management for congenital 
scoliosis are less effective when compared with idiopathic 
scoliosis (14). An MRI examination of the entire spine 
is recommended before any surgical intervention (15-16). 
Neurosurgical evaluation and operation are recommended 
for any anomaly which tethers the cord before attempting 
surgical correction of the deformity. Surgical treatment is 
indicated for deformities that are increasing in severity, or an 
anomaly that is predicted to have a high risk for progression 

(17).  In situ fusion and convex hemiepiphysiodesis have been 
described for congenital scoliosis with minimal deformity over 
a short section (18). But both procedures have been reported 
to have limited success with minimal deformity correction (19), 
and the development of crankshaft phenomenon (20). Earlier 
hemivertebrae excision and short-segment posterior spinal 
fusion have been advocated to prevent future curve progression 
of the deformity and/or the development of large compensatory 
curves (21). This patient underwent her first operation almost 14 
years ago. Untethering of the cord and correction of the spinal 
deformity were planned in the same session. Untethering of the 
cord could have not been achieved, so the scoliosis was fixed 
without correction. When the reason for tethered cord is not 
a thick/fatty filum terminale, the untethering operation can be 
long and complicated procedure.  For Patient-3, it could have 
been better just untethering the cord first, and then following 
the progression of scoliosis.  Then, a detailed plan for the second 
operation could have been prepared for the favorable correction 
of the scoliosis. But inadequate planning and insistence on going 
on the operation abolished the chance of any other operation 
for scoliosis. 
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Surgical treatment of patients with spinal diseases may become 
a quite challenging case when they have congenital anomalies 
or CNS related problems. Expectations of only one surgery 
that solve all the problems makes surgeon trail to desperation 
and pessimism. In very first planning, staging surgical approach 
should be kept in mind for these kinds of patients. Besides, 
growing of spine and spinal cord at different rates shouldn’t be 
forgotten for children.  The whole spinal axis must be kept under 
lifetime control by some regular intervals for spine patients with 
additional congenital or CNS anomalies.

That this series were consisted of only three patient and varieties 
of associated neurological disorders are the main limitation of 
this study. However, the thing that emphasize in this manuscript, 
spinal surgeons should be awake for associated neurologic 
disorders in spinal deformity or degenerative spine cases. 
These associations are time consuming and needs extra effort. 
Complication rates are higher than solely spinal surgeries. We 
need larger series for statistical analysis. Besides, classification 
of associated neurological disorders is the requirement of this 
kind of studies. Making any classifications also needs larger 
patient population.
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INTRODUCTION
Pedicle screw placement is a well-
known and increasingly performed 
technique used to achieve fixation and 
fusion in thoracolumbar surgery. Since 
its first introduction by Harrington and 
Tullos in 1969 (6), the use of pedicle 
screw instrumentation has become 
increasingly popular and effective in 
the management of spinal disorders (6-

7,16). Despite technical advances, pedicle 
screw insertion is still associated with 
complications such as nerve root or 
spinal cord injury, vascular or visceral 
injury, cerebrospinal fluid leakage, 
pedicle fracture, screw breakage, screw 
pullout and late spinal instability (5,11). 

The key determinant of pedicle 
screw performance is the strength of 
attachment to the spine, which was 
shown to be directly related to the quality 
of bone at the insertion site (6-8). Chronic 
diseases such as osteoporosis, diabetes or 
osteolytic lesions negatively affect bone 
quality and leads to screw loosening. 
Once the pedicle screw has loosened, 
restarted symptoms often overcome by 
further extensive revision surgeries (2,4).

In this report, the authors describe a 
unique, minimally invasive method for 
the treatment of screw loosening that 
could be an alternative to more extensive 
revision surgeries.

CASE REPORT
71-year-old female patient was 
admitted to our department with the 
chief complaint of severe low back pain 
radiating to her left hip and posterior 
aspect of left thigh for 2 months. She 
described increasing pain while sitting 
and standing. Sacroiliac region was 
painful on examination. She had a 
history of previous lumbar disk and 
instrumentation surgeries. At the last 
surgery, loosened L5 screws had been 
removed and PMMA augmentation 
had been performed. Larger diameter 
screw had been replaced on the right 
L5 pedicle, however left L5 screw 
had not been replaced successfully. 
So, the construct on the left side had 
been extended to the sacrum. She was 
under medication for diabetes mellitus, 
coronary heart disease and osteoporosis.
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ABSTRACT:

Pedicle screw loosening is a major concern especially in the osteoporotic spine. It results 
from the loss of metal-bone interface integrity. Once a screw pullout occurs, the surgeon 
should revise the implant. Different salvage techniques exist such as using larger screws, 
screws with a larger thread depth and pitch, expandable screws, screws with bicortical 
purchase, milled bone graft impacted into the pilot hole, or PMMA augmented screws. 
We describe a new, minimally invasive salvage technique that could be an alternative to 
open revision surgeries. As an alternative to open, major revision surgeries for failed and/or 
loosened instrumentation systems, we suggest minimally invasive cement augmentation 
procedure under local anesthesia.

Key words: pedicle screw, sacrum, augmentation, vertebroplasty, polymethlymethacrylate

 Level of Evidence: Case report, Level IV
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X-Ray images showed asymmetric thoracolumbosacral 
instrumentation with anterior fusion and PMMA augmentation. 
Radiolucent halo was observed both around the left S1 and right 
L5 pedicle screws (Figure-1). 

Figure-1. AP X-Ray images showing asymmetric 
thoracolumbosacral instrumentation with anterior 
interbody fusion and PMMA augmentation.

According to the patient’s symptoms, we decided to revise the 
S1 screw and to lengthen the implant to the iliac wings. But 
cardiology and anesthesiology departments indicated high risk 
for the induction of general anesthesia. In that situation, we 
thought to augment the loosened sacral pedicle screw with 
polymethylmethacrylate (PMMA) under local anesthesia.

The patient was operated on the prone position. After the 
injection of local anesthesia, Jemshdy needle and then working 
cannula was placed under the guidance of floroscopy. After 

the confirmation of proper placement of working cannula, 
PMMA was injected slowly. Approximately 7,5 cc cement 
was administered to the radiolucent zone around the S1 screw. 
Procedure was ceased immediately when the cement leakage 
occured. 

Patient was mobilised on the postoperative fourth hour and she 
did not experience any low back pain. Control X-Rays revealed 
total obliteration of the radiolucency around the screw with 
PMMA (Figure-2).

Figure-2. AP postoperative X-Ray images showing total 
obliteration of the radiolucency around the sacral screw 
with PMMA.

DISCUSSION
Pedicle screw loosening is a major concern especially in the 
osteoporotic spine (2,4-5,11-12). A recent review by Gautschi et al 
(5) reported screw loosening on 38 cases of 585 cases. It results 
from the loss of metal-bone interface integrity (2,4,12). Poor bone 
density (osteoporosis), excessive strain on the implant, residual 
sagittal imbalance, screw hole preparation technique, torque of 
insertion, screw purchase, and direction of screw placement may 
influence the pullout strength of pedicle screws (9). 

Radiolucent ‘halo’ around the screw is a definite sign of loosening 
of the screw (12). This halo is seen as a result of the fibrous 
tissue surrounding the screws that were formed secondary to 
excessive movement of screws in bone (12). Once a screw pullout 
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or loosening occurs, the surgeon should revise the implant (2). 
Different salvage techniques occur such as using larger or 
expandable screws, screws with bicortical purchase, milled 
bone graft impacted into the pilot hole, or PMMA-augmented 
screws (2,4,9,14).

PMMA is commonly used in vertebral augmentation procedures 

(13-14). It is typically used to interdigitate with surrounding 
trabecular bone to increase fixation strength and firmly anchor 
the screw (8). Studies showed that cement augmentation with 
pedicle screw fixation, can increase pedicle screw strength 
and prevent pedicle screw loosening (2,4,9). However, PMMA 
augmentation has also some serious complications such as 
leakage, thermal and chemical injury (1,4,13). 

Calciumphosphate/calcium triglyceride cements could be 
alternative to PMMA. But they perform weaker constructs 
than PMMA cements (14). Sacral screws are prone to 
loose easily especially in osteoporotic, long segment 
instrumented and inadequate anterior column supported 
patients (2-3,15). In a biomechanical study of long segment 
86 fusion model, Fleischer et al (3) found that anterior interbody 
fusion is very important and significantly reduces the strain on 
S1 screws similar as iliac screws.

Percutaneous vertebroplasty (PVP) is a minimally 
invasive procedure that involves radiographic-guided 
injection of various types of bone cement directly into 
the vertebral body (13-14). PVP has gained extensive 
popularity for the treatment of painful vertebral lesions 
including metastatic disease and osteoporotic fractures (13). 
In our case, unicortical S1 screw was loosened since long 
segment instrumentation was not balanced adequately with 
anterior support and/or iliac wings were not involved to the 
construct. We performed PVP to the radiolucent zone around 
S1 screw under local anesthesia. We injected PMMA until the 
radiolucent zone was filled completely. Some cement leakage 
occured without any symptoms. Our case is unique since PVP 
under local anesthesia was performed first time in the literature 
for treating screw loosening.

CONCLUSION
In the treatment algorithm of loosened sacral screws, 
percutaneous sacroplasty should be kept in mind before 
extensive major revision surgeries were performed.
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SUMMARY:

Ossification of the posterior longitudinal ligament (OPLL) is the new bone development 
and thickening of the posterior longitudinal ligament within the spinal canal. The clinical 
symptoms of OPLL appear mostly after 40 years of age. Patients complain of pain in the 
neck and the occipital area, and this is followed by paresthesia and weakness in the upper 
and lower extremities. We report a case with sudden tetraplegia after trauma because of 
cervical OPLL.

Key words: Ossification of the posterior longitudinal ligament, Tetraplegia, Cervical trauma
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INTRODUCTION
Ossification of the posterior 
longitudinal ligament (OPLL) is the 
new bone development and thickening 
of the posterior longitudinal ligament 
within the spinal canal. When OPLL 
compress the spinal cord or nerve roots 
neurological deficits, motion problems 
and voiding difficulties could be seen. 
We report a patient with OPLL in 
the cervical spine who developed an 
almost complete tetraplegia after traffic 
accident. 

CASE REPORT
A fifty-five year old male patient apply 
to emergency service after trauma with 
sudden tetraplegia. Neurological deficit 
recovered in hours. Only distal upper 
extremities muscle strength was 3/5. 
Radiological diagnostic test made with 
computed tomography and magnetic 
resonance imaging (Figure-1,2,3). 
Ossification of posterior longitudinal 
ligament (OPLL) was reported on 
diagnostic images. 

Surgery suggested for OPLL. 
Surgery was performed with C3-4-5-6 
total laminectomy and lateral mass 
instrumentation (Figure-4,5,6,7). 
Postoperatively upper extremities 
muscle strength was 1/5. MRI 
performed and spinal cord contusion 
reported. After 1 week of follow up, 
muscle strength recovered to 5/5 and 
patient referred to physiotherapy.

Figure-1. Preoperative MRI 
sagittal T2 image
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Figure-2. Preoperative CT sagittal image

Figure-3. Preoperative sagittal CT axial image

Figure-4. Postoperative MRI sagittal image

Figure-5. Postoperative CT sagittal image
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Figure-6. Postoperative CT axial image

Figure-7. Postoperative cervical vertebral X-ray

DISCUSSION
The clinical symptoms of OPLL appear mostly after 40 years 
of age. Patients complain of pain in the neck and the occipital 
area, and this is followed by paresthesia and weakness in the 
upper and lower extremities. Paresthesia is the most common 
clinical symptom with a 70% ratio of patients (1). OPLL 
patients can live without serious problems till spinal canal 
compression become symptomatic. Conservative treatment 
could be suggested for patients with mild paresthesia and no 
evidence of muscle weakness (5). 

Surgical treatment is generally indicated when symptoms 
progress in spite of conservative treatment or when there is 
obvious compression of the spinal cord with neurological deficit. 
Laminectomy and lateral mass stabilization is considered 
the best method for treating OPLL involving more than 3 
segments. Patients over 65 years of age with serious clinical 
symptoms for more than 2 years are generally known to have a 
bad post-operative prognosis because of spinal stenosis (4).  As 
an increase of OPLL has been observed in 89% of cases after 
laminectomy, and in 34% after cervical canal laminoplasty (3).

Complications for simple laminectomy and stabilization could 
be exampled as infection, stabilization failure, post-operative 
scar formation in the extra-dural space, post-operative spinal 
instability and an abnormal post-operative curvature (6). In 
some reports, traction of a cervical nerve root by a backward 
shift of the compressed cord followed by injuries to the 
radicular artery have been noted after operation (6). 

We report a case with sudden tetraplegia after trauma because 
of cervical OPLL. Spitzer also reported a similar case after a 
minor hyperextension injury (7). Cruzeiro et al and Cho et al 
also reported similar cases that occured spontaneously without 
any trauma (1-2). OPLL must be followed up because serious 
results could be seen spontaneously or after traumatic injury.
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INTRODUCTION
Congenital chest wall deformities 
can be seen with various anomalies 
of musculoskeletal system or in a way 
that it affected isolated costa, cartilage, 
sternum in various forms.  In most of 
these deformities, there are not certain 
functional defects in intrathoracic organs 
and cardiopulmonary and gastrointestinal 
pathologies that are life-threatening can 
rarely accompany with it. In almost 6 % 
of the cases; Marfan Syndrome, Ehlers 
Danlos Syndrome, connective tissue 
diseases such as osteogenesis imperfecta 
and homocystinuria, congenital heart 
diseases, Down syndrome, scoliosis 
with the percentage of 26-30% are seen 
as accompanying diseases (18-25). To stage 
the congenital chest deformities, there is 
not any classification that is accepted as 
universal (21). Those diseases, especially 

the patints of Marfan Syndrome, and 
Ehlers Danlos Syndrome have got 
scoliosis, thoracolumar kyphosis and the 
other spinal deformities (21). In the Down 
Syndrome, atlaantoaksial instability is 
frequently accompanied. 

Classically, anterior chest wall deformities 
can be put under 5 main topics (22):

1. Pectus Excavatum
2. Pectus Carinatum
3. Poland Syndrome
4. Sternal Defects
5. Thoracic deformities in diffuse 
skeletal disorders; 

The deformity ends up with 
asphyxiating thoracic dystrophy 
( Jeune Syndrome), spondylothoracic 
dysplasia ( Jarcho-Levin syndrome), 
cerebrocostomandibulary syndrome 
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SUMMARY: 

Congenital chest wall deformities inhibit patients due to esthetically unpleasant appearance 
even in the absence of functional cardiac or pulmonary deficit. In most cases the need for 
correction is based on evident social adaptive difficulties and impairment of worth living 
sense. 
Thoracic scoliosis is seen either with congenital chest wall deformities de novo, or after 
costal cartilage harvesting, minimal invasive or open correction of chest wall deformities.  
Anterior chest wall deformities can be put under 5 main categories: Pectus Excavatum, 
Pectus Carinatum, Poland Syndrome, sternal defects, thoracic deformities seen in diffuse 
skeletal disorders.
Conservative treatment methods such as using corset are manipulated for starting treatment 
in childhood and specifically in pectus carinatums. Nuss technique or modifications that 
are in invasive (Ravitch chondroplasty) or minimal invasive techniques are carried out on 
elderly people and under the circumstances when conservative methods are unsuccessful. 
Also vacuum waist technique is one of the treatment methods used in selected cases or for 
the treatment of the people who do not accept the operation. 
In this collection; clinical findings of congenital chest deformities, its classification, 
embryology, pathophysiology and diagnostic techniques that are mainly used are stated. 
Also, in company with changing literature; operation indications and traditional surgical 
correction treatment methods with less invasive new methods are reviewed. 

Keywords: Anterior chest Wall deformity, Orthoses, Ravitch chondroplasty, Nuss method.
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along with congenital chest wall deformities and they are 
deformities that can accompany with different degrees of costa 
aplesia or hypoplasia (17).

PECTUS EXCAVATUS
It can also be named as ‘’Funnel chest’’ and “trichterbrust”, 
“koilosternia”, “chone-chondrosternon”.

Generally sternum’s lower half or two thirds of it get effected. 
The most distinct area of the deformity is generally at a little 
above of xiphoid-sternum mergence level. (Figure-1). It is 
mostly defined 86% at birth or in the first year of life. It almost 
occurs 2-4 times more in boys than girls. It is the most observed 
anterior chest deformity with the rate of 1/1000 (17,21).

In literature, it is stated that  the very first surgical correction 
intervention attempt was made by Meyers (1911) and 
Sauerbruch (1913) (21). While etiology remains not fully known, 
it is accepted that the overgrowth of cartilage costa due to 
the pathogenesis is the key fact of the formation of pectus 
deformities. Also, it is stated that 37 % of patients with genetic 
factors have family history (17). 15% of them have scoliosis and  
11 % of these patients have a scoliosis history in their families. 
The incidence of congenital heart disease is 1.5 % (17). Patients 
with Marfan and Prune-Belly syndrome have the incidence of 
pectus excavatum a lot (27).

Kuhn et al. categorized excavatum types of deformity into 4 in 
terms of their morphological appearance (17).

a. Cup shaped (localized deep depression)
b. Saucer shaped (diffuse superficial depression)
c. Grand canyon (depression that is in the form of asymmetrical 
long pipe)

d. Currarino-Silverman Deformity (pouter pigeon deformity, 
mixed carinatum / excavatum horns of steer)

For typing and rating pectus excavatum deformity, Welch 
(1980), Oelsnitz (1981), Hümmer (1984), and Haller (1987) 
published their studies. One of these authors, Welch, described 
the rating called “Welch index” by estimating the distance 
between T3 and T9 vertebra corpus and sternum. Today, Haller 
index is the most used one.

Surgical Indications: 

If a case have two or more criterions below, surgical correction 
is suggested;

1) Pectus excavatum that is progressive or has presence of 
symptom

2) Restrictive lung disease existence that is measured with 
pulmonary function tests

3) Cardiac pressure, pulmonary atelectasis and Haller BT index 
that is >3.25 (Figure-2)

4) Cardiac malformations (mitral valve prolapsus or the 
existence of arrhythmia)

5) Nuss pectus excavatum deformity that occurs after an 
inadequate correction operation.

In many patients, primary indication occurs due to cosmetic 
and psychosocial reasons. The views of family, child and the 
environment towards the deformity should be evaluated well. 
It must be taken into consideration that the deterioration will 
increase at later ages. 

Figure-1.-a,b,c  Three cases with difeerent degrees of pectus excavatum deformity (Courtesy of Levent Cansever, MD)

(a) (b) (c)
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Figure-2. Haller index: maximum latero-lateral distance/
shortest anteroposterior distance. 

PECTUS CARINATUM
It is the protrusion deformity of chest wall, also called as 
“pigeon breast” and “chicken breast” and identified by Brodkin 
for the first time (Figure-3.a-b). This is the second most 
often seen deformity among chest wall defects (frequency 
of 5 % in all deformities) and most of them become clear in 
middle childhood period. It has a genetic predisposition and 
approximately ¼ of the patients have family history of chest wall 
deformity; congenital heart disease, marfan syndrome, scoliosis 
(15%), kyphoses and musculoskeletal defects can be seen (17,27). 

 

Figure-3.a,b. Two cases with pectus carinatum deformity

Pectus carinatum consists of single-sided or bivious involvement 
of costa cartilages and deforming spectrums that is on sternum’s 
upper or lower eminentia. Complex deformity can also be seen. 
It may occur due to cartilage depression at one side, cartilage 
protrusion at other side and rotation of sternum.

The most seen clinic appearance of this deformity is the 
protrusion of sternum object and the symmetric protrusion of 

lower costal cartilages. Asymmetrical deformity which occurs 
due to unilateral protrusion of costa cartilages appears less 
frequently and mixed type deformity is seen less often.

Also, upper or kondromanubrium deformitie can occur although 
it is unusual. Here, manubrium prominence and upper costal 
cartilages are held and the relative depression of sternum object 
is seen.

An etiology of pectus carinatum is unknown. It occurs three 
times higher in boys than girls. Unlike pectus excavatum, 
it generally appears in childhood and adolescence. Pectus 
carinatum is seen only in 3 patients in labour. Almost half of 
the patients face it at the beginning of puberty.

26 % of the patients who suffer from pectus carinatum have 
a family history having chest wall deformity. 15 % of the 
patients also carry scoliosis and 12% of them have family history 
including some level of scoliosis. The patients having scoliosis 
or quite severe deformity can be suspected of having Marfan 
syndrome. 

Pectus Carinatum is put under 4 types called Kondroglandial 
symmetrical type, Kondroglandial asymmetrical type, mixed 
type including Carinatum and excavatum together and 
Kondromanubrial type (Pouter Pigeon, Currarino-Silverman 
syndrome). Kondrogladiolar type is the most seen type with 
the percentage of 89 % (22). It is like the middle of sternum 
(gladiolus), the lower part of it and the forward protrusion of 
costal cartilages in that area (20). With this deformity type, lateral 
depression (small burn, Harrison’s sulcus) typically exists in 
costas (17).

MIXED CARINATUM AND EXCAVATUM
On one side carinatum deformity is observed, on the other 
side excavatum deformity or depression together with sternal 
rotation is noticed. 

CHONDROMANUBRIAL
It is the most rarely seen form. This form is typically named 
as pigeon chest deformity and in this form, while protrusion 
bears on upper sternum corpus part and upper 2nd and the 3rd 
cartilage costas, the lower part of sternum purports as depressed.  
Cardiac anomalies are seen more in this form.

POLAND SYNDROME
In 1841, this syndrome took part in literature the publication of 
Alfred Poland, a medical student in Guy’s Hospital studying on 
an old convict George ELT, 27. He realized that cadaver does 
not have major and minor muscles in his cartilage and that 
there is an anatomic deformity characterised with syndactylia. 
Since 1962, patients who have this illness have been called as 
Poland Syndrome.

(a) (b)
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Poland syndrome is characterized with mamma retention, 
the full absence of papilla (amastia) or athelia hypoplasia,  
hypoplasia of subcutaneous tissue, subcutaneous oil and axillary 
hair development together with scantiness of pilosity on the 
front chest wall, lack of costa,  the absence of costosternal piece 
of pectoralis major muscle or its hypoplasia, the absence of  
pectoralis minor muscle and costal cartilage, the hypoplasias 
or aplasias of serratus, external oblique, latissimus dorsi, 
infraspinatus and supraspinatus and upper extremity anomalies 
(syndactylia, brachydactyly or  ectromelia) that accompany on 
the same route. It occurs 2-3 times more in men than women. 
Although its incidence is reported differently on varied series, 
it’s average is between 1/30.000-1/32.000. It is seen twice as 
much on the right side than on the left side (3,10,19,20).

Although there is not exact conclusion about its etiology, there 
are two main hypotheses on certain periods of pregnancy. The 
first one among these is mesodermal plateau damage that is 
thought to appear in 3-4 weeks of pregnancy or developmental 
disability (24), or the other one, which is the cut of blood stream 
in subclavian and vertebral systems during the 6-7 weeks of 
pregnancy (2).  Besides familial facts have rarely been reported 
in literature, “late dominant germ cell mutation” is also a claim 
that is being discussed (3,5,6).

STERNAL DEFECTS
These defects are less commonly encountered compared to 
pectus type deformities. Especially the situations where the 
heart is located outside the thorax are considered lethal (8).

1.	 Basic Cleft Sternum: 

The heart is in correct position however, there is a defect in 
sternum joint located at the frontal thoracic wall. Usually the 
surrounding tissue and pericardium carries wild type traits. The 
pulsations from the heart are clearly visible at the sternum defect 
area. There is a complete or partial separation in the sternum. 
In the cases of crying or valsalva maneuver, the deformities 
appear more visible (12,27).

2.	 Ectopia Cordis: 

This case is quite rare (5-7 % per million organisms). The most 
common types are thoracic and throracoabdominal.

Cervical Ectopia Cordis: 

Can only be distinguished from Thoracic Ectopia Cordis by the 
superior positioning size of the heart. Cervico-facial anomalies 
are common. This case is lethal.

Thoracic Ectopia Cordis: 

First case was reported by Stenson (1671) (20). In this situation, 
the newborns have the contractile heart located outside 

without the surrounding tissue. Usually bears additional cardiac 
malformations. In addition, probands may also show abdominal 
wall defects such as omphalocell, diastasis recti and eventration.

Thoracoabdominal Ectopia Cordis (Cantrell’s 
Pentalogy): 

Sternum is incised and the heart is outside the thorax in the 
front. This anomaly was first reported by Wilson (1798) and 
the pentalogy was described by Cantrell (1958). This anomaly 
consists of distal sternal cleft, ventral omphalocell, absence of 
anterior diaphram, absence of pericardium facing the diaphram 
side, cardiac abnormalities (VSD, Fallot tetralogy, ventricular 
diverticule etc.). Invasive methods after prenatal ultrasound 
scans could not decrease the mortality rates in these cases. In 
addition to the lethal effects of all the defects listed, pulmonary 
hyperplasia can also lead to increased lethality (22). The initial 
operative methods should consist of targeting the tissue defects 
in the abdominal cavity and the heart. So as to prevent infections 
and mediastinitis, the primer excision and tissue coverage of 
the omphalocell should be preferred. The compensation of the 
abdominal wall can be achieved by mobilizing the wall with 
flebs or supporting of the wall with prostetic materials. Repair 
of this locus is easier than Thoracic Ectopia Cordis. Moreover, 
repair of the cardiac defects should be performed before the 
heart is supported by prosthetic materials.

OTHER DEFORMITIES
Can progress as parcial development or agenesis in more than 
one costa. Bifurcasions and fusion abnormalities are common in 
costas. These abnormalities usually do not cause functional or 
estethical defects. In advanced cases, pressure can form around 
cifoeskoliose and intrathoracic organs.

Thoracic Deformities in Diffuse Skeletal Defects

Asphyctic Thoracic Dystrophy (Jeune Disorder): 

This is an otozomal recessive disease with no shown 
chromosomal abnormalities. There is a bell-shaped rigid thorax 
and a remarkable abdominal structure. The transverse and the 
antero-posterior diameter of the thorax is shorter. The ribcage 
is short and wide, and horizontally positioned. All bones are 
shorter and wider. Extremities are also shorter and pelvis is 
narrower.

Spondylothoracic Dysplasia (Jarcho-Levin Syndrome): 

Characterized by its autosomal recessively transmitted 
defects like multiple vertabrate, rib abnormalities and breathe 
obstruction. Since vertabratae are short and the presence of 
fusion in the posterior ribs in the thoracic vertebrae. Rigid 
congenital kyphoscoliosis is seen. Pulmonary infections are 
common. Post-natal lethalities are also common.
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Cerebralcostomandibular syndrome: 

It was reported in 1966 for the first time. The underlying 
reasons and genetic causes are not well known. There are three 
primary observations. Mental retardation, gaps between ribs 
and micrognathia prognosis. 40% of the probands fail to survive 
due to breathing defects.

TREATMENT MODALITIES IN PECTUS 
DEFORMITIES

CONSERVATIVE TREATMENT

1-Dynamic compression orthoses (Argentina brace) 

Treatment with dynamic compressive orthoses (DTC – 
dynamic thorax compressor) was first described in 1979 for 
pectus carinatum (9,13). Treatment with DTC orthoses, which 
have screws on the sides instead of velcro or fasteners and allow 
for the gradual compression of protruding areas, was described 
by Haje et al. not only for pectus carinatum, but also for pectus 
excavatum, starting in 1992 (4). In 2006, the authors synthesized 
the description of the method by publishing the term “dynamic 
remodeling (DR) method” to designate the use of DTC orthoses 
during exercises that promote increased intrathoracic pressure. 
The overall percentage of children and adolescents with (25) and 
(15) improvement was 60.6 %. 

Especially, these corsets are suitable for patients with 
pectus carinatum deformities (Figure-4.a,b) These are also 
recommended for patients for whom nucs pectus carinatum 
or operation options are not available. In a prospective recent 
case study with 114 dynamic pectus carinatum cases using a 
compression corset, 8,80 ± 3,94 month usage led to  64 % success 
and 15 % fail rates with 21 % of the patients with necessity of 
continuity. In addition, asymmetric and elderly patients who fail 
to use the corset regularly showed no progression of elimination 
of the deformities (9).

 

Figure-4.a,b.  Dynamic compression orthoses

2- Vacuum Bell Treatment: 

It was first described by Eckart Klobe. This method is a major 
non-invasive approach where symmetrical and light operational 
methods fail in cases with pectus excavatus. It consists of a 
system with a vacuum and is applied on the chest and is 
adjustable to fit (Figure-5).

In the first treatment session 15 minutes of application is 
sufficient. The patient can continue applying the treatment 
at home under supervision from a physician. 1-2 hours of 
application a day was reported sufficient for young and adult 
patients.

Figure-5. Vacuum bell system

SURGICAL APPROACH
Open Surgery

Operational surgery on Pectus Excavatum, was carried out by 
Meyer (1911) and Sauerbruch (1913) for the first time.

In 1949, the modified method derived from this technique was 
defined by Ravitch.

1.	 Excision of deformed rib cartillages with their 
perikondria

2.	 Separation of xifoides from sternum
3.	 Separation of intercostel (rib) bands from sternum
4.	 Transverse sternal osteotomie (Figure 6 a-e)

 

Figure-6. a-d. Operative view of a case who had Ravitch 
operation due to pectus excavatum. (Courtesy of Ali Cevat 
Kutluk, MD)

(a) (b)
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This technique allows swapping the kirschner string with 
sternum. In 1957 and 1958 respectively, Baronofsky and Welch 
indicated andother technique. In this technique, the main steps 
are protection of pericondrial sheaths on rib cartillages, dorsal 
intercostal bands, sternal osteotomie, fixation of the sternum to 
anterior structures by silk stiches. This technique was reported 
to have high success rates.

In addition, in 1957, a tripod fixation method was described by 
Haller. This strategy follows the posterior sternal osteotomie, 
subpericardional resectioning of the lower cartillage deformities, 
posterolateral oblique division of normal secondary and tertiary 
costal cartillages. In 45 cases, the success rate was reported as 
100%.

Sternal turnover technique was also reported first in Japan. 
Sternum was twisted 180 degrees as a free-greft and reattached 
to costal cartillages. This radical approach was considered 
limited due to its potential for high complications in children 
with pectal excavatum. Sternal necrosis is also one of the rare 
complications.

Operational Repair of Pectus Carinatum

First repair was carried out four decades ago. In 1952, Ravitch 
reported the repair of condromanubrial bud. He managed this 
repair by resecting the costal cartillages followed by carrying 
out double ostetomie in the sternum.

Modern techniques were first applied in 1963. This method 
consisted of subpericondrial resection of the costal cartillages 
and resection of lower sternum and the strengthening of the rest 
of the sternum with the rectus muscle. Afterwards, in 1973, a 
more elaborate method was developed based on subpericondrial 
resection of the budding costal cartillages and protection of the 
whole sternum.

In today’s medical approaches, a transverse osteotomie by frontal 
cortex of the sternum and with replacement of the sternum 
from anterior to posterior benefiting from the posterior cortex 
fracture and correction of the frontal protrusion.

Surgery options in Poland Syndrome

In the cases of missing ribs and paradoxal movements of the 
ribcage, approaches improvement of the skeletal system and 
support of the ribcage are commonly used. Methods involving 
repair of the missing ribs, correction of assymetries in the 
sternum by transverse osteotomie, improvement of stabilization 
by by marlex mesh besides costa grefts or repair of the chest 
wall by marlex mesh sandwich method are among the strongest 
approaches (19).

in order to solve esthetic problems, autogenous tissue transfer 
or patient-specific silicone implants are usually recommended. 
Lately, the methods involving injection of fat as main or side 
approaches are becoming more and more common (6,16).

Implants provide easy and fast options that are also most 
commonly used. When implants are decided to be used, a 
pattern is prepared on top of the patient by plaster or a 3-d 
computer model is created.

Poland syndrome and its side deformities define the patient’s 
functional and esthetic requirements. The priority is to protect 
the heart and the lungs by increasing stability of the ribcage. 
Therefore, patient-specific solutions should be evaluated and 
after considering patient’s opinion and requirements, unique 
methods should be applied supporting the symmetric and secure 
body shape (3,6).

Figure-7.a-d. A case who had Ravitch operation due to 
pectus carinatum. (Courtesy of Selcuk Kose, MD) 

Minimal Invasive Surgery

1-Nuss Method (minimal Invasion in Pectus Excavatum) 

A technique was reported with resection of sternum retrosternal 
barring of the costa cartillages or elevation without division 
(nuss method) (Figure-8.a-d).

This method was improved after years and an almost perfect 
version was created  (Figure-9.a-c).

In a study carried out by Nuss (26) between 1987-2008 consisting 
of 1015 cases showed that the most common complication is 
the spontaneously recessing pneumothroax. misplacement of the 
bar and infection are also common risks however, the incidence 
was reported as less than 1 %. The most dangerous complication 
is the rare cardiac rupture. recovery phase is between 4-5 
days. Pain control, pulmonary function physiotherapy and 
educational support should always be considered in the cases. 
The epidural catheter to control the pain is critical and can be 
kept for 2-4 days depending on the situation. For maintenance 
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of the situation, oral or parenteral analgesic administration is 
recommended.

After discharging of the patient, a 6-week restriction plan is 
applied on physical activities and excersize including an initial 
2-3 week ban for work/school activities.

The bar on the pectus is usually removed under general 
anesthesia after 2-4 years without any reported complications 
so far. patients are sent home after 2 hours post-operation. 
Reoccurrence rate is below 5% after all these implications are 
carried out.

 
Figure-8.a-d. The steps of Nuss operation

 
Figure-9.a-c. Preoperative view of a case with pectus excavatum (a). Postoperative radiograph and view after Nuss 
operation (b-c) (Courtesy of Levent Cansever, MD)

(a) (b) (c)
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2- ABRAMSON METHOD                                                    
(Minimal Invasive Surgery on the Pectus Caritanum)

Dr. H. Abramson is the first scientist to perform a modified 
version of the Nuss method on 40 pectus caritanum patients and 
present the results in scientific congresses (1). (Figure-10.a-c).

In this technique, quite similar to Nuss method, success rate 
is high in pectus caritanum patients as mentioned. In this 
method, the tunnel formed with the bars is used to pressure 
the sternum where the budding is most visible and on both 
sides, attached to the ribs by steel strings using screws. The 
bar remains attached for approximately 2-3 years and removed 
under general anesthesia together with the screws (13).

 

Figure-10.a-c. Preoperative view of a case with pectus carinatum (a). Postoperative view after Abramson  operation (b-c)  
(Courtesy of Levent Cansever, MD)

CONCLUSION
Anterior chest wall deformities, known universally as pectus 
deformities, are often observed in medical practice. These 
deformities are usually hidden by patients due to psychological 
problems, allowing them to remain unknown. As recently as 
1990, anterior chest wall surgery was considered to have matured 
with no new innovations. Suddenly this has become an exciting 
and dynamic area of surgery with new ideas and innovations 
being prescribed at conferences and in medical journals almost 
on a monthly basis. Since the publication of Donald Nuss about 
the success of the minimally invasive repair of pectus excavatum 
(MIRPE) in 1998 the demand for correction of all sorts of 
thoracic wall deformities boomed almost all over the world (4).

Scoliosis of the vertebral column is associated with chest wall 
anomalies. There is however still lack of knowledge about 
the pathogenesis of thoracic anomalies going along with 
scoliosis, whether they are expression of a secondary reactive 
deformation based on  compelled biomechanical forces due to 
heavily distorted and multiaxially shortened thorax or if they 
are genetically contingent and accompanied with the scoliosis 
deformity itself. Likewise pectus excavatum deformity has been 
reported to be associated with thoracic scoliosis in 15-20% of 

cases. Moreover thoracic scoliosis can usually be seen after open 
correction of chest wall deformities but it has been reported even 
after minimal invasive (Nuss) correction of the deformities(23).

The conservative treatment option for pectus deformities is 
based on the principles of Nicolas Andry, considered “the 
father of orthopedics,” and the effects of this treatment can be 
explained by Julius Wolff ’s law of bone remodeling. Therapeutic 
forces applied regularly on deformed bones and cartilage may 
produce a gradual remodeling in a beneficial and corrective 
direction, and this can be observed especially in the anterior 
chest wall, which is a flexible region (14).

The MIRPE due to several advantages remains as the ideal 
therapeutic option in childhood and adolescence, even in 
selected cases in adulthood. Nevertheless the more rigid and 
more severe the deformity appears beyond puberty, the hybrid 
technique MOVARPE seems to represent an alternative 
method with lesser pain periods, lesser pectus bar implantation 
period, and a lower rate of common complications, to be noted 
at first a tilting of the bar (7, 11).

Nevertheless, many of the techniques described so far should 
be performed only at specialized centers, which fulfill the 
requirements of broad experience by sufficient numbers of 

(a) (b) (c)
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cases treated. However, conclusive studies are still lacking due to 
variable surgical expertise or inhomogeneous patient collectives, 
thus the proper selection of the most appropriate techniques 
for a multitude of indications sometimes remains cumbersome. 
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INTRODUCTION:

Abū Bakr Muḥammad b. Zakariyyā al-
Rāzī (Figure-1)(40), known as Rhazes 
in the West, was born in Rey, near 
Tehran. Historians consider him a gifted 
physician and a brilliant chemist (28,38) 
and at the same time he is acknowledged 
as one of the Islam’s most freethinking 
philosophers (15). In his early life Rhazes 
first dealt with music and then educated 
philosophy. At a relatively advanced 
age he started to study medicine in 
Rey, afterwards he travelled to Syria, 
Egypt, and Andalusia. Some sources 
claim that Rhazes stayed in Cordoba 
for a long time and upon turning back 
from Andalusia he first worked in Rey 
and then became director and surgeon 
general of one of the major hospitals 
in Baghdad (5,37). One historian of 
medicine on the other hand argued that 
the information about Andalusia period 
is incorrect and that that was mistakenely 
passed from Africanus Leo (23). 

Figure-1. Portrait of Abū Bakr 
Muḥammad b. Zakariyyā al-Rāzī 
(40).

After working in Baghdad many years 
he entered the service of Manṣūr 
ibn Isḥaq, the ruler of Khorassan 
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SUMMARY:

Abū Bakr Muḥammad b. Zakariyyā al-Rāzī was one of the most scientific figures during 
the era called Golden Age of civilization and medicine in Islamic world. He was a scientist 
who made important contributions to both Eastern and Western medieval scientific world 
with his works. Evaluation of the sections on spinal fractures and dislocations in Rhazes’ al-
Ḥāwī fī al-Ṭibb, which was a huge work formed by his pupils after his death using his notes 
recorded by Rhazes when he was alive, is aim of this study. 
The sections regarding the spinal fractures and dislocations were determined in the 
13th part of al-Ḥāwī fī al-Ṭibb in Arabic and 15th part of Liber Continens in Latin, which 
contain subjects on fractures, dislocations, injuries and their treatments and medicines, 
and translated from Arabic and Latin into English. Results were presented and what these 
findings mean in the history of medicine was discussed in the article.

Key words: Al-Hawi fi al-Tibb, Al-Razi, Liber Continens, Rhazes, spinal dislocations, spinal 
fractures.
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and Transaxonia in Central Asia (5,37). Towards the end of 
his life he developed vision loss due to probably cataract 
in his both eyes (5-6,8,18,37). Rhazes refused the surgical 
intervention owing to the doctor’s lack of knowledge 
of the whole anatomy of the eye (5-6,37). The anecdote regarding 
this event from famous historian Abū al-Faraj is below:

“The great physician Rhazes became blind in the late phase of his 
life. He called kaḥḥāl [Eye doctor; occulist] (11) for inspection of his 
eyes. After carefully examining the eyes of Rhazes the doctor found 
out the cause of blindness and explained that a surgical procedure 
was needed, and he could carry out this operation as any skillfully 
eye doctor would perform. In return, Rhazes said that he would 
only accept the surgical procedure if the eye doctor could name the 
anatomical layers of the eye. While the doctor knew little about the 
detailed anatomy of the eye he could not answer the quest properly, 
whereupon Rhazes said: How could a man open my eyes when he 
even does not know the thorough anatomy of the eye? I have seen 
enough of the world; I am tired of seeing it. Without suffering any 
grieve and sorrow I may console myself for being blind (5).”

This account proved Rhazes’ disciplinized and rigorous 
personality. On the other hand Abū Rayhān Muḥammad b. 
Aḥmad al-Bayrūnī (973-1048), known in the West as Alberuni 
or Alboron, wrote another story about this event. According to 
al-Bayrūnī (6) a disciple of Rhazes had arrived from Ṭaberistān 
to treat teacher’s vision problem. 

Then, Rhazes asked him how he can cure his eye condition 
and the disciple explained what he can do. However, Rhazes 
replied as

“God is my witness that there is nobody who can surpass you as 
ḳaddāḥ [The operator who performs upon the eye the operation of 
couching]. (22) Moreover, you are the best kāḥil [should be kaḥḥāl]. 
However as you know this procedure cannot be done without pain. 
It needs a long lasting course. The soul would get tired. This long 
time may give tediousness. Sometimes, this long treatment time can 
outdo man’s lifetime. Sometimes, death time comes closer. An ugly 
man like me shows up and turns the beauty into bitterness or disturbs 
tranquility with pains (6).”

According to these accounts Rhazes never underwent an eye 
surgery. Rhazes was a very productive writer; he authored more 
than 200 books in his life span (35,38). Half of them were composed 
on medicine (38). The best known of his work is Kitāb al-Ḥāwī f ī 
al-Ṭibb, recognized in the West as Liber Continens (Figure-2) 
(10-11,25,38). This work was an extensive medical encyclopedia (10-

11,29,35,38) and summarized mainly from previous Greek, Syriac, 
Arabic, Persian, and Hindu physicans’ works. Additionally, 
Rhazes included his own observations and opinions (29,38,41). 
Rhazes’ disciples organized the book and sections in a successive 
manner after his death (10,29,41). 

In Liber Continens Rhazes quoted first the former physiscian 
followed by his own opinion usually under the captioning “To 

Me” or “My Own” (lī) or “I said” (29). The work had affected 
Eastern and Western medicine greatly starting from its writing 
time. In Europe, Farragut of Sicilian (28) / Antiochian (4) first 
translated Liber Continens in 1279 from Arabic into Latin for 
King Charles of Angevin Dynasty. Much later in 1486 it was 
published under the name of Liber dictus Elhavi, in Brescia, 
northern Italy (4,10,29), and then in Venice in 1500, 1506 and 
1542 (29). 

Figure-2. Liber Continens, published by Ottaviano Scotus 
in Venice in 1529 (25).

Liber Continens had been one of the essential medical 
encyclopedic sources in some European universities until 17th 
century (4,17,41). One other noteworthy medical work of Rhazes 
was Kitāb al-Manṣūrī f ī al-Ṭibb that was dedicated to Khorassan 
governor Manṣūr ibn Isḥāq (4,8,36,41). It was translated into 
Latin by Gerard of Cremona under the name Liber medicinalis 
ad Almansorem (10-11) and was first published in Milan, 1481 (36).

Rhazes created Liber Almonserem as a short compilation largely 
based on Greek medicine (10) containing only 10 topics over the 
most important medical issues of the time (10,36,38). The seventh 
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(On Surgery) (11,24) and the ninth (On the Treatment of All Diseases, 
known also as Nonus Almansoris) sections of Liber Almonsorem 
are the most valuable sections of this work (10-11,36,41).

Kitāb al-Jadarī wa’l-Ḥaṣba was considered as the most original 
one of his works (10-11,28,35,36). It was the first documentation of 
smallpox and measles in history (8,36). Sarton (38) argued that 
Kitāb al-Jadarī wa’l-Ḥaṣba was the masterwork of the Islamic 
medicine. It was named as Liber de Pestilentia in Latin (8,11), 
however its better known title is On Smallpox and Measles (28,35-36).

 This work proved that how Rhazes was an excellent observer 
and how he was a skilled compiler and also critic of Greek, 
Syriac and early Arabic medicine and finally how he became 
famous (29). Rhazes was also the first physician in history who 
wrote specifically on pediatric diseases (4,33). 

The other work he created was Kitāb f ī Ṣifāt Bīmāristān that 
essentially dealt with where to establish and built, and also 
how to organize and manage hospitals (4-5,34). At the same time 
he wrote on the ethics of physicians, named Akhlāq al-Ṭabīb 
(4,19) and fought also against quacks and ignorants in his other 
work (5,34-35). While Rhazes followed Galen in theory he was a 
determined Hippocratist in practice. At the same time Rhazes 
was a well-known alchemist and usually employed newly 
therapeutic chemical compositions (29,38). Rhazes effectively 
combined his knowledge of chemistry with medical practice and 
could be considered therefore as “the Ancestor of Iatrochemists” 

(38). Rhazes was also the first physician who mentioned about 
alcohol (5).

This work is designed to consider the sections written on the 
fractures and dislocations of the spine in Liber Continens.

MATERIAL AND METHOD
Two Arabic copies of Fascicule 13 of Kitāb al-Ḥāvī f ī al-
Ṭibb1,31 and also one Latin hardcopy of Part 15 of Liber 
Continens30 were studied to obtain the sections related to 
fractures and dislocations of the spine. 

Two Arabic copies of Kitāb al-Ḥāvī f ī al-Ṭibb were searched 
by using keywords “خرزة / kharaza While . “(vertebrae) fiqarat 
 sulb (spine)“, ”عاخن / and “(spinalis medulla) nukhaʿ ”تارقف /
 second copy was in PDF the mentioned (vertebra)“, ”بلص /
keywords were searched at the same time electronically on 
computer. The parts where these words are found were identified 
and compared with the Latin version. Arabic and Latin texts 
were included to the text as separate files. 

The cases regarding spinal injuries in the first book of Liber 
Continens were omitted in this study because The Kitāb al-Ḥāwī 
of Rāzī (ca. 900 AD), Book One of the Ḥāwī on Brain, Nerve, and 
Mental Disorders: studies in the transmission of medical texts from 
Greek into Arabic into Latin published in English as doctorate 

of philosophy thesis by Jennifer S. Bryson already included 
these sections (9).

All quotations from Arabic and Latin versions were translated 
in verbatim by being faithfull to original texts. All texts in 
Appendix-2 were quoted from the liber XV of Liber Elhavi, 
seu Ars medicinae (30). Since there were no page numbers in 
original text, there are no references to the page numbers of 
the quotations.

In certain parts of those spine related articles Rhazes specified 
his own thoughts under the captioning “to me” or “my own” (ل 
/ lī) after quoting a former physician’s opinion. These sections 
are presented as following.

RESULTS

The twelfth article from Manafiʿal-Aʿḍāʾ
This section was excerpted from Galen’s De usu partium corporis 
humani libri XVII (2) /πεϱὶχϱείας τῶν ἐν ἀνθϱώπου σώματι 
μορίων ιζ´(39) / On the Usefulness of the Parts of the Body (14) that 
concludes that any dislocation at the level of atlanto-occipital 
joint can induce disfunction of the respiratory nerve that may 
consequently cause sudden death.

“He said: When it occurs to the f irst articulation, i.e. the f irst one 
of the cervical vertebra, which conjoined to the head, dislocates, the 
animal dies immediately, due to the breath arrest, because the breath 
supplying nerve is deprived of its action (1,p.111;30;31,p.1327).

Rhazes wrote:

“I say: When the nerve is knotted, something appears that resembles 
the nodule on the hand and the foot close to the joints. Frequently this 
occurs after severe tiredness. There is a distinction between the knot 
and the nodule, because knot is more inseparable from its place than 
the nodule and touching it is such as touching the nerve. And when 
it is compressed violently, it disappears and goes away and some of 
them come back. The treatment is to oppress on it, if it disperses by 
oppressing, otherwise it is pounded with a hammer and a wood / 
(small wooden hammer), then a splint is put on it and lest it does not 
return it is bound strictly, and if it magnifies or becomes abundant, 
the body should be purged. And perhaps it may be large but plain 
such as in inner side of woman’s knee, because it was in bone of the 
hand, it was dispersed via oppression then it was bound and went 
away. When you see and doubt about it, ask him if it occurred after 
tiredness [or not] and look at if touching of it is such as touching of 
nerve and oppress on it and inspect if this oppression effects it till 
wither it [or not] (till you have a f irm opinion on it) (1,p.111-
112;30;31,p.1327).”

In his remark on this subject Rhazes did not reiterate the 
disastrous breathing problem, he commented more about 
the “node of the nerve” or occurrence of a “ganglion cyst”. 
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This description could mean either traumatic edema of the 
connective tissue (e.g. tendon) or muscle spasm in the neck. 

In Rhazes’ time the terms nerve and tendon were interchangeably 
used though the distinction between them had been made 
centuries ago. Rhazes possibly thought that besides causing 
breathing problem a trauma at this location might also induce 
a disturbing symptom like muscle spasm in the neck. Thus, 
he focused on solving that condition and offered particular 
treatment method with hand-massage or cleaning the body 
through purging.

The ninth [section] from ʿArāʾAbuqrāṭ
Rhazes quoted this section also from Galen’s De Hippocratis 
et Platonis placitis libri IX (38) / πεϱὶτῶν ῾Ιπποχϱάτους καὶ 
Πλάτωνος δογμάτων βιβλία θ´ (39) and he preferred here the 
definition “front vertebrae” possibly referring to the anterior 
column of the spine. The described situation in this part is 
anterior vertebra dislocation. Galen emphasized that physical 
examination is essential for the diagnosis of this condition, 
since processus spinosus would not be spotted by palpation. 
Galen stated that same finding is also evident in the fracture 
of processus spinosum and that while anterior dislocation is a 
deadly situation for causing injury to the spinal cord the latter 
condition is easy to treat. Galen also explained the underlying 
mechanism for this type spine injury: 

“He said: The anterior vertebrae dislocate and this location lowers 
as fractures of processus spinosi, and fracture of the processus spinosi 
is easy [to treat], and dislocation of the vertebrae is dangerous / 
fatal, because the dislocated vertebra either tears the medulla spinalis 
or compress it. If it [vertebra] departs, impels the spinal cord that 
requires violent insult and falling down a heavy material on it. 
And if a heavy material falls down on it or pushes it vehemently, 
processus spinosus of the vertebra is broken, before the vertebra goes 
in (1,p.113;30;31,p.1328).”

After Galen’s opinion Rhazes suggested barely revisiting 
Hippocrates’ work De artuculis (reponendis) or De articulorum 
repositione / πεϱὶἄϱθϱων ἐμβολῆς (39) without further 
commenting.

“I say: Read on this topic and search for Hippokrates’ Kitāb al-
Mafāṣil / Liber articulorum (1,p.113;30;31,p.1328).”

In the following paragraph Rhazes included again Galen’s 
views for posterior vertebra dislocation. For this type spine 
injury Galen recommended 3-treatment-methods all involving 
compression maneuver over the affected region:

“He said: The surgeon should mollify with bandage and straighten 
his head, then he should put a fully stuffed pillow on this place 
and should bind it in order to impel the head from that part to 
which it inclined / leaned, because mollifying and repeatedly pushing 
straighten the head and it is not treated in other way and health is 
regained. Posterior dislocation of the vertebra is treated in the same 

way as the bath-attendant seizes [the patient] and by putting knee 
on patient’s back and pushing strongly and violently and returning 
the vertebra [to its original location] or placing him in prone position 
and raising up on heel until the vertebra is returned [to its original 
location] or rubbing with ḥūmak [probably shawbak: Rolling pin] 
(12) till it becomes straight (1,p.113-114;30;31,p.1329).”

At this point Rhazes placed the following remark also taken 
from Galen without mentioning his own comment:

“He said: If the vertebra is separated into the abdomen, certainly 
there is no cure (1,p.114;30;31,p.1329).

The second of the third (the fourth in Latin) [book] from 
Abīẕīmiyyā

This section excerpted from Hippocrates’ Epidemiorum Libri III 
(38) / ἐπιδημιών βιβλία γ' (38-39) / Epidemics III (38) specified that 
interior [anterior] dislocation of vertebrae may cause urinary 
and gaita incontinence mainly due to mechanical compression 
onto the bladder and the bowels. Rhazes stressed that these 
symptoms may also occur without vertebrae dislocation when 
the nerves that are going to internal organs could be damaged 
at their emerging points from medulla spinalis:

“If vertebrae of the spine dislocate interiorly, they compress the bladder 
and cause swelling and retention of the urine and f irstly swelling 
of the rectum and [then] retention of the stool. If the vertebrae do 
not dislocate, but there is a fault in the spinal cord from which the 
nerves emerge and proceed to the vertebra, the urine and the stool pass 
involuntarily and when the dorsal spinal cord is shaken constantly/
continuously movement of his legs weakens and his urine is retained 
(1,p.115;30;31,p.1330).”

The author of Epidemics informed that, spastic and flaccid 
conditions of some internal organs may occur after spine 
traumas depending on the anatomic level and also on the 
mechanism of the injury. The definitions of spastic and flaccid 
conditions may correspond modern definitions of retention and 
incontinence in gastrointestinal and urinary tracts, respectively. 
More interestingly, Hippocrates also pronounced “shaken-spinal 
cord condition” with which he probably indicated concussion 
of the medulla spinalis.

From Kitāb yunsaba ilā Jālīnūs [The book attributed to 
Galen]

The first citation Rhazes excerpted from that book is on the 
treatment of cervical vertebra dislocations:

“He said: When a man falls down on his head, perhaps his cervical 
vertebra moves out (1,p.120;30;31,p.1333) .”

“He said: Let the patient lie down in supine position, then extend 
moderately his head upwards and straighten his vertebra by rubbing 
and pressing, till it becomes straight. Then put a plaster on it and 
f ill it with the rags and apply a long splint over it from end of the 
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occipital bone to end of the cervical vertebrae and bind it so tightly 
over the head that the ligature does not fall upon the throat and 
unbind it every third day (1,p.120;30;31,p.1333).”

“He said: Always place the ligature on the edge of garment, because 
the round [ligature] / knot, since it compresses and returns / hurts, 
is not good (1,p.120;30;31,p.1333).”

In his comment for this part Rhazes opposes the opinon that 
a cushion should be placed under the armpit when a clavicle 
fracture accompanies cervical vertebra dislocation. He says that 
there is no need for supporting the armpit in that occasion:

“I say: If the particle [of the clavicle] which tends to the humerus is 
in upper [position], there is no need for cushion, because you wish 
nothing except to straighten it (1,p.120;30;31,p.1333).”

The next paragraph deals with thoracal vertebra dislocations. 
The quatotion from Galen describes how the management 
should be carried out with the application of corset-like splints 
in these cases:

“But in case of the dorsal vertebra, lay the patient down in prone 
position and straighten the vertebra by impeling. If the vertebra 
slides laterally, it will be better to place two splints on both sides of 
the vertebra and if it slides upwards, place a splint over the vertebra 
in order to compress it downwards. The splints should be placed 
from the waist / (the thigh) to the scapula, then bind it tightly 
(1,p.121;30;31,p.1333).”

There is also another quatotation that mentions about sacrum 
fractures:

“But, when the large bone [the sacrum] which is above the coccyx is 
broken or its muscle is cut into very small particles/pieces, one of the 
hips is not repositioned [to its former condition] and lessened. And, 
treatment of patient: He is turned into a prone position and his 
thighs are separately and forcefully extended by two men, while the 
other extends his hand not to move downwards. You and another 
man with you, oppress patient’s knees/hips strongly one by you and 
one by him. When this location become straight, place a plaster on it, 
and put under him a ball-like solid thing made by rags in order to 
impel when he lies down on this (1,p.121;30;31,p.1334).”

The quatotation regarding coccyx fracture seems very 
explanatory and clarifies bimanual maneuver for this type lesion:

“In case of the coccyx, insert your middle f inger into the anus and 
oppress it upwards and straighten it with the other hand from 
outside till it becomes straight, then plaster it and decrease the food 
to lessen and soften his stool, there is no need to unbind (the ligature) 
frequently. Regarding the bandage, you will see its mode at practice 
(The last sentence is not seen in Latin text) (1,p.121;30;31,p.1334).”

For these last three statements Rhazes did not expreesed his 
own opinions and moved on with lectures of another antique 
physician, Paul of Aegina.

Būlus [Paul of Aegina]

Two sections in Rhazes’ work regarding symptoms of spine 
fractures and dislocations were quoted from Paul of Aegina’s 
Kunnāsh (Kunnāsh al-thuraiyā) (39) (ύπόμνημα or ἐπιτομῆς 
ίατρικῆς βιβλία ἑπτά) (38). 

Paul stressed here that the prognosis of the condition is poor 
if the medulla spinalis is involved. Especially, cervical vertebra 
fracture is considered a deadly situation due to respiration 
standstill. He emphasized that when a bony fragment penetrates 
medulla spinalis this should be removed and if medulla spinalis 
is not involved anti-edema therapy is sufficient. He also 
described a correction method in the case of sacrum fracture 
(Figure-3 and 4):

Figure-3. The page showing quotations from Paul of 
Aegina on fractures of the vertebra and the sacrum in 
Kitāb al-Ḥāwī f ī al-Ṭibb (1).
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Figure-4. The page showing same quotations from Paul 
of Aegina in Liber Continens (30).

On vertebra of the spine

“He said: These symptoms which occur with a contusion/fracture, if 
it reaches to a point of infesting the spinal cord, it will be destructive. 
If it occurs in the cervical vertebra, it kills quickly, because of the 
breath arrest. In this case namely if it pricks the spinal cord, incise 
on it and extract the pricked bone. But, if it does not infest, then you 
must mitigate the hot swelling (1,p.129;30;31,p.1339).”

“He said: Of the broken bones, the one which is remoted, segregated 
entirely and  pricking, should always be extracted, because that bone 
putrefies within days, then it brings about an ulcer and it provokes 
the pain and the swelling (1,p.129;30;31,p.1339).”

The sacrum

“He said: If it becomes concave inwards, insert the f inger into 
the anus, then its voice raises and it becomes straight outwards 
(1,p.129;30;31,p.1339).”

Another quatotation from Paul of Aegina stated that urinary and 
gaita incontinence may occur in anterior vertebra dislocation 

and if it happened at cervical level, the author warned, the 
patient shall die immediately. Paul of Aegina highlighted that 
after fracture of processus spinosum a concavity could occur in 
the spine and one who did not know that evolvement would 
mistake it for anterior vertebra dislocation. 

For this part Rhazes claimed that Paul of Aegina gave a 
resembling statement on the treatment of kyphosis, nonetheless, 
he expressed that the document available is not adequate to 
make a decision and additional copy of this topic is needed:

On Separation of The Vertebra

“He said: If the vertebra separated inwards, the urine and the stool 
are retained and if the cervical vertebra is separated, the death 
follows quickly. However if the peduncle [processus spinosus] was 
broken and the spine becomes concave, this casual events do not occur, 
the ignorant (surgeon) suppose that it is separation of the vertebra 
inwards, but it is not the case (1,p.134;30;31,p.1344).”

“I say: On correction of the gibbosity, he made a statement, which 
is similar that was mentioned here, it is needed to inspect another 
copy (1,p.134-135;30;31,p.1344).”

The Second [Section] From Qaṭīṭriyūn

In this section the management of pain and weakness following 
blunt spine trauma is quoted from Kitāb Buqrāt Al-Ma‘rūf Bi-
Qāṭīṭrīūn Ay Ḥānūt Al-Ṭabīb (20) / κατ᾽ἰητϱεῖον (39): 

“He said: One suffered the blow on his back and this disturbed him, 
therefore he was not strong really. We made a wool rag wet with 
warm olive oil and we put it on his vertebra, then we lay him down 
on his bad and we made him sleep on it, then we made both sides of 
the rag wet [again] and we fastened it (1,p.139;30;31,p.1347).”

In his comment on this topic Rhazes expressed that when 
vertebra dislocation or fracture is not the case there is no need 
for treatment except comforting the patient:

“I say: We wrote it in order to teach [you] the mode of severity of 
relaxation [of the patient] in this disease. There is no other treatment 
except relaxation, when there is no dislocation and fracture, but 
laceration. But when there is dislocation and fracture, after applying 
the bandage, foment it with wax and oil. Lest the hot swelling 
enlarges, several times a day the ligature should be anointed with 
hot oil in the winter, and fomented with cold water in the summer. I 
say: The constructive ligature should not be unbinded in the summer, 
in order to keep the condition of swelling in security; in the winter 
the fear will be less. These are the statements on this topic (1,p.139-
140;30;31,p.1347).”

From Kitāb Ārāʾabuqrāṭwa Aflāṭun

In this part quoted from Galen’s De Hippocratis et Platonis placitis 
libri IX (38) /πεϱὶτῶν ῾Ιπποχϱάτους καὶΠλάτωνος δογμάτων 
βιβλία θ´(39) about the findings of anterior vertebra dislocation 
and processus spinosus fracture, although the main notion was 
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not different than previous opinions. The referred authors 
accentuate that both conditions can be mistaken for each other 
leading the physician to false diagnosis. They indicated that 
anterior dislocation is a deadly condition whereas fracture of 
processus spinosum is a mild injury:

“He said: And perhaps the processus spinosi are broken and the spine 
is interrupted, some think that it is dislocation of vertebra of the 
spine inwards, but it is not; and dislocation of vertebra of the spine 
is destructive, but in case of fracture of the processus spinosi, there is 
no fear (1,p.144;30;31,p.1350).”

In his comment on this part Rhazes only added the findings 
after clavicle fracture and gave a short explanation:

I say: The clavicle has never been separated inwards, but there will 
be fear that the clavicle goes outwards when it is broken, therefore 
the splint is placed on this location and oppressed and always bound 
(1,p.144;30;31,p.1350).” With the last statement, the parts 
related to spine traumas in Liber Continens ended.

DISCUSSION
The earliest written record regarding spine injuries and 
accompanying paralysis is found in Edwin-Smith Surgical 
papyrus (BC 1700) (42). 

The most renowned physician of antiquity, Hippocrates (BC 
460-370), wrote detailed knowledge and his own observations 
about human spine in his different works such as Mochlikon, 
On Nature of Bones, On Places in Man and especially in On 
Joints. He classified spine injuries in 5 categories: kyphosis 
(relating either to a disease or trauma), scoliosis, concussion 
(sisis), vertebra dislocations, and processus spinosum fractures. 
Besides, Hippocrates described management options (26). 

Much later Galen (129-200) introduced a useful knowledge on 
spine anatomy in his books On Bones for Beginners (De ossibus 
ad tirones) and On the Usefulness Parts of Body (On the Usefulness 
of the Parts of the Body), and additionally in 4 comments on 
Hippocrates’ work On Joints (27). When dealing with spine 
disorders Galen used Hippocrates’ four basic categories: 
Kyphosis, lordosis, scoliosis, and succession. The thoughts of 
Galen on spine trauma mechanisms and their managements 
were in concordance with those of Hippocrates (27). 

Galen explained his views about medulla spinalis traumas in 
On Anatomical Procedures (De anatomicis administrationibus), 
On the Causes of Symptoms (De symptomatum causis), and On 
Affected Areas (De locis affectis) (27). Other historical important 
figure, which dealt with spine traumas, was Paul of Aegina 
(625-690). His work Epitome contained two sections on spine 
fractures and dislocations, respectively (13).

In Liber Continens, Rhazes quoted spine injury related parts 
mainly from the works of Hippocrates, Galen, Paul of Aegina 
and also The Book Attributed to Galen, which is believed to 

be written by Galen. Rhazes took the knowledge from the 
mentioned authors in verbatim and then he wrote his own 
comments on the related topic. In some sections these comments 
seem irrelevant and his contribution is somehow negligible. Still, 
the transmission of once forgotten valuable information’s by 
Rhazes had deeply affected western medicine. 

Paul of Aegina’s work had been accepted one of the fundamental 
sources for spine injuries during the middle ages. Regarding 
this issue, Haly Abbas (930-996) (7) and Avicenna (980-1037) 

(2), the other two prominent physicians of Islamic Golden Age, 
too benefited principally from Paul of Aegina’s work. Paul of 
Aegina’s statement about the poor prognosis in the case of 
medulla spinalis involvement and likewise deadly outcome 
when it occurs in cervical level was reiterated in Rhazes work 
with great emphasis. Paul of Aegina, unlike Hippocrates and 
Galen, recommended removal of bones when they penetrate 
medulla spinalis (13,16,21), which account was also recognized by 
Rhazes and retold in the book. Paul of Aegina’s work Epitome 
contained a detailed and extensive section regarding spine 
dislocations (32). 

For some unknown reason, Rhazes included only a brief quotation 
from that work in Liber Continens and he commented that the 
reader should review another copy of Epitome. It is probable that 
Rhazes did not possess the full copy of Epitome during creating 
his work, although he knew much about its contents. Or, he 
found the knowledge too detailed or complicated for physicians 
and suggested further reading when they were interested in. 
On the other hand, Rhazes quoted the knowledge regarding 
the managment of thoracal and cervical vertebra dislocations 
from Galen’s Kitāb Ārāʾ Abuqrāṭ wa Aflāṭun, which topic was 
not included in Paul of Aegina’s Epitome. Haly Abbas too did 
not address the treatment of posterior vertebra dislocation in 
his Liber Regalis (7) whereas Avicenna included the mentioned 
issue in his Canon of Medicine (2). This may indicate that when 
writing the Canon Avicenna may have primarily benefited both 
from Galen and Rhazes. Same management methods were also 
included in Ismāʿīl Jorjani’s (1042-1137) Ẕākhīra Kh’arazmshāhī 

(3), which show that some of the medieval Islamic physicians 
followed in the footsteps of certain antique pioneers.

In Liber Continens when quoting previous writers Rhazes 
presented either the name of the work or the name of author 
for the spine injury section. For example, when Rhazes cited 
Paul of Aegina he did not give the name of Kunnāsh. On the 
other hand, when he quoted Manafiʿ al-Aʿḍāʾ and Kitāb Ārāʾ 
Abuqrāṭ wa Aflāṭun he did not mention Galen or while he 
gave the name of Qāṭīṭriyyūn and Abīẕīmiyyā he did not name 
Hippocrates. It seems that this arrangement was designed in 
an unplanned manner.
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CONCLUSION

Rhazes’s Liber Continens was an influential medical work 
during medieval times both in the Islamic geography and in 
the Western World. When creating Liber Continens he mostly 
benefited from various schools including Greek, Syriac, Arabic, 
Persian, and Hindu. However, he followed purely Greco-Roman 
tradition in writing the sections related to spine injury. Rhazes 
focused essentially on the opinions of Hippocrates, Galen, 
and Paul of Aegina for classification, underlying mechanisms, 
and management options of spine traumas, nonetheless, his 
contributions on this topic were insignificant. Starting with 
Liber Continens Greco-Roman school’s views had become more 
powerful in the Islamic World.

Disclosure: The authors report no conflict of interest 
concerning the materials or methods used in thisstudy or the 
findings specified in this paper.
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